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HE subject on which I have chosen to speak to you today, The Effect of 

Specific Therapy on the Common Contagious Diseases, is one which could 
be studied by several methods. The usual one is by observing a selected group 
of patients and noting the effect of certain specific therapeutic measures as 
compared with a similar control group or with previous experience with 
similar untreated patients. All of us have used this method and have observed 
that specific therapy has a striking effect on certain of these diseases. The 
wide application of such therapy and its influence on the general population 
is of considerable importance since, when truly effective, the results of specific 
therapy should be widespread and reflected nationally on the mortality of a 
disease or on its incidence or on both. Accordingly, the method selected was 
to examine the mortality statistics for certain of the common contagious dis- 
eases in recent years and to observe the possible effect on them that might be 
attributed to specific therapy. 

The data analyzed were from the annual reports of the vital statistics of 
the United States Bureau of the Census in recent years through 1945, which 
was the last report available. In mortality statistics it is traditional to speak 
of the mortality rate or deaths per 100,000 of the population of all ages. Since, 
in the contagious diseases to be considered, a very high percentage of deaths 
oeeurs during childhood, the mortality rate for children alone will be shown 
in certain instances. This is, of course, considerably higher than the general 
mortality rate but would seem to give a somewhat more accurate picture 
of the menace of the diseases in children. For such childhood rates, the fig- 
ures from the 1930 census were used for the years 1926 through 1935, and 
those from the 1940 census for the years 1936 through 1945, which seemed 
sufficiently accurate for this purpose. In this connection it is of interest that 
although the population of the continental United States increased from 
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122,775,000 in 1930 to 131,954,000 in 1940, or approximately 9,000,000, the cen- 
sus figures for children under 15 years of age decreased from 36,057,000 in 1930 
to 32,972,000 in 1940, or about 3,000,000, which is a fall from 29.4 per cent of 
the total population to 25 per cent. 

In conjunction with the mortality figures, the morbidity in the United 
States for various years was also tabulated from the Bulletins of the U. S. 
Public Health Service. It must be understood that such morbidity figures 
are somewhat incomplete since many cases are unreported. However, since 
they are reported under comparable conditions from year to year, they 
are valuable in showing the relative annual prevalence of the diseases and 
especially those years in which the diseases are epidemic, because mortality 
has a natural relationship to the incidence. Before presenting any of the data, 
I should like to anticipate by stating that a most striking decrease in the 
mortality of several of the common contagious diseases has occurred in the 
past decade. The relation of this fall in mortality to the introduction of the 
sulfonamide drugs is so close as to leave little doubt that this form of specific 
therapy has had a greater effect upon the mortality of most of the common 
contagious diseases than is generally appreciated. Sulfanilamide came into 
general use in 1937, followed by sulfapyridine in 1939, sulfathiazole in 1940, 
and sulfadiazine in 1941, and all have been widely and increasingly employed 
during the succeeding years. All have been quite effective in pyogenic infec- 
tions, although the more recent ones have certain advantages. Penicillin was 
not generally available until 1945, so that it cannot be considered in the data 
to be presented. 

A general picture of the mortatity of infectious disease in recent years is 
illustrated by the figures of all infectious and parasitic diseases, one of the 
categories summarized in the vital statistics data. This is seen in Graph 1, 
in which the total deaths and the mortality rate are shown. It will be noted 
that deaths ranged from 150,000 to 160,000 from 1930 to 1937, and that a sharp 
drop occurred in 1938 to around 120,000 with a still further fall to around 
100,000 in 1942. As is to be expected, the general mortality rate follows 
closely the curve of deaths and shows a similar fall. It is of interest that this 
decrease is sustained and progressive and that although many factors are con- 
cerned in mortality statistics, any abrupt and prolonged change must be due 
to some new and potent element. 

Not ineluded in these figures on all infectious and parasitic diseases are 
those of the deaths due to pneumonia, which are shown in Graph 2. Here are 
illustrated the annual deaths from all forms of pneumonia, including lobar and 
bronchopneumonia and capillary bronchitis. Although there is a peak in the 
curve in 1936 with definite increased incidence in 1935 and 1937, the definite 
fall in mortality after this is evident, so that the levels in the later years of 
the graph are only somewhat more than one-half as high as in earlier years. 
This considerable increase in pneumonia deaths in 1936 was apparently in 
adults since, as will be seen later, it did not occur in children. Pneumonia 
has a special significance in the mortality of certain of the common contagious 
diseases, notably whooping cough and measles, so that particular attention was 
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paid to the pneumonia mortality in children, as shown in Graph 3. Here are 
noted the death rates in children under one year, from one through 4 years, 
and from one through 14 years. In all groups it will be seen that there is 
little variation in the mortality rate in the years preceding 1938, but in that 
year and succeeding years there is an evident decrease in the 1- to 4-year 
and 1- to 14-year groups, so that in both of these the rate fell rather rapidly 
to a point little more than one-half of its previous levels. The death rate in 
children under one year, however (the heavy line), which was somewhat more 
than 800 per 100,000 prior to 1938, showed a decrease later to only around 
700 per 100,000, or very much less striking than in children over this age, 
since the fall in the 1- to 4-year group (the lighter solid line) was from over 
80 to around 50, and of all those children over one year (the lower broken 
line) from over 30 to less than 15. This difference in the mortality rate in 
infants under one year as compared with older children is emphasized again 
in Graph 4, in which the mortality rate in this infant group is shown with its 
percentage to all pneumonia deaths in children. Although the moderate fall 
in deaths after 1938 is still apparent, it will be seen that, of all the deaths 
from pneumonia in children, those in infants under one year increased from 
a percentage of 65 or below before 1938 until a few years later it had reached 
75 per cent of all pneumonia deaths in children. This emphasizes the fact 
that the factors associated with the decreased mortality in older children were 
much less effective in infants under one year. This same discrepancy will be 
noted later in connection with the deaths from whooping cough and measles, 
in both of which diseases pneumonia plays a most important role in mortality, 
and a possible explanation will be suggested. 

In reviewing separately the common contagious diseases, I shall include 
only diphtheria, scarlet fever and erysipelas, measles, whooping cough and 
meningococeus meningitis. Of the others in this category, mumps, rubella, 
and varicella have such a low mortality that they cannot be considered here, 
and with poliomyelitis, the lack of any form of effective specific therapy would 
render its discussion of little value. The control of smallpox, although still 
the outstanding example of the efficacy of specific measures, belongs to a 
previous era. 

The distribution of deaths in these common contagious diseases and their 
relative concentration during childhood, as well as the actual numbers of chil- 
dren dying from them in Continental United States, is reviewed in Table I. 


TABLE I. RELATION OF AGE TO MORTALITY OF COMMON CONTAGIOUS DISEASES AND THEIR 
RELATIVE FREQUENCY AS A CAUSE OF DEATH 


TOTAL DEATHS UNDER 
PER CENT OF ALL DEATHS 15 yr. 


DISEASE UNDER 5 YR. UNDER 15 YR. 1941 To 1945 
Whooping cough 96 12,937* 
Measles 67 6,075 
Diphtheria 60 5,782 
Epidemic meningitis 35 3,806 
Searlet fever 40 1,387 

*Under five years. 
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Graph 1.—Total deaths and mortality rate for infectious and parasitic diseases. 
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Graph 2.—Deaths and mortality rate, pneumonia. 
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Graph 3.—Death rates, pneumonia in children. 
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Whooping cough leads the list with almost all of its deaths in younger chil- 
dren, and in each of the others more than one-half of the deaths occurred 
during childhood, while in measles and diphtheria the proportion is much 
higher. In the five-year period from 1941 to 1945, almost 30,000 children died 
from them, or a combined annual mortality rate of somewhat over 25 per 
100,000. Possibly particular attention should be called to the fact that in this 
five-year period diphtheria, a disease for which specific measures of prophy- 
laxis are most effective and which many believe to be now under control, 
still caused almost as many deaths in children as measles, and more than 
meningocoecus meningitis and searlet fever combined. At this point let us 
review in more detail the records of diphtheria and the effect of specific 
therapy in recent years. 

Diphtheria.—To recount briefly and in general terms the well-known history 
of specific therapy on diphtheria, it is only necessary to state that in the early 
part of this century the general mortality rate for the disease was more than 
20 per 100,000. The rate in children under 14 years was 60, and that in chil- 
dren under 5 years was more than 120 per 100,000 annually. With the in- 
creasing use of antitoxin in therapy, the mortality fell gradually but con- 
tinuously until by the early 1920’s the general rate had reached about 15 per 
100,000 although there were still reported more than 100,000 cases annually 
with over 10,000 deaths, most of them in children. It was about this time that 
specific prophylaxis with toxin-antitoxin was started, and a few years later 
toxoid was introduced. Following its more general use, the effect on both 
the morbidity and mortality has been increasingly evident in the past two 
decades. In all years prior to 1935, diphtheria caused more deaths than any 
of the other common contagious diseases. The more recent course of the 
disease is shown in Graph 5, and it will be noted during the years 1930 to 
1945 that there was a steady decrease in reported cases to a level of about 
15,000 annually-after 1940. The general mortality rate (shown in the lowest 
dotted line), which had reached 5 per 100,000 in 1930, fell to 1 per 100,000 by 
1940. A somewhat more accurate picture of its severity is obtained, however, 
by noting that the mortality rate in children under 5 years, even in 1930, was 
30 per 100,000 and that by 1945 this had fallen to about 7, while the decrease 
in mortality rate of children under 15 years was from 15 to 3 in this period. 
In all groups the mortality rate fell to about one-fifth of its previous level, 
although slightly less in younger children. Diphtheria is, therefore, one of the 
striking modern examples of the effect on a large population of specific ther- 
apy, since no doubt exists that the results in the period shown are attributable 
almost entirely to specific prophylactic vaccination. However, it must be 
pointed out that in recent years the excellent effect on the morbidity and 
mortality of diphtheria has become much less apparent and, since 1940, the 
eurves have leveled off with relatively slight tendency to fall further. It is 
obvious that a disease which needs only the wide application of known and 
easily applied specific preventive measures to eradicate it, and which still has 
an incidence of almost 15,000 cases annually with well over 1,000 deaths yearly 
in children over a period of years, cannot be regarded with complacency. 
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1930 1935 1940 1945 


Graph 5.—Morbidity and mortality rate, diphtheria. 
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Graph 6.—Morbidity and mortality, scarlet fever. 
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Possibly it is only necessary to stress the fact that the progress in the con- 
trol of diphtheria has almost reached a standstill and that it remains a definite 
menace to life in children, in order to emphasize the necessity of increased ef- 
forts at more widespread active specific prophylaxis. No new methods in con- 
trol are apparently needed, since those available are quite effective, but the 
greater utilization of the present control methods is needed. 

Scarlet Fever.—Next let us observe the mortality course of scarlet fever 
over a twenty-year period from 1926 to 1945 in Graph 6, on which is shown 
also the reported cases. Although the figures are those of the mortality in all 
ages, 75 per cent of all deaths in searlet fever were in children, so that the 
actual mortality rate in childhood is somewhat greater than shown in the 
diagram. It will be noted that from 1926 to 1937, the deaths (shown in the 
broken line) ranged around 2,500 annually with a general mortality rate (the 
solid line) of just above 2 per 100,000. It was during this time that specific 
antisearlatinal serum had some vogue in therapy, although it is doubtful if it 
was used on a wide scale. Certainly no striking effect on mortality is evident 
until 1937, after which the total deaths fell rapidly and, since 1941, range 
only around 400 annually with the mortality rate around 0.3. The number 
of reported cases of scarlet fever (the broken line with a cross) also showed 
some decrease in the early part of this period although the rise to over 192,000 
in 1944 without a corresponding increase in mortality indicates that the fall 
in deaths is not related to a decreased incidence. The effect of the sulfon- 
amides on streptococcal disease has been abundantly demonstrated, although 
the degree of its reflection on the general mortality of clinical searlet fever 
is surprisingly gratifying. 

Erysipelas.—Since scarlet fever is no longer to be considered a specific 
disease but as one of the clinical entities in the group of hemolytic strepto- 
eoceal infections, it is of interest in this connection to consider another clin- 
ical type of streptococcal disease, viz., erysipelas. Early in the use of sulfon- 
amide therapy it was evident that this infection was conspicuous in showing 
a prompt and constant curative effect from such drugs. In Graph 7 is shown 
the mortality curve of this infection and its agreement with that of scarlet 
fever is apparent. From an average of 2,000 annual deaths before 1937, the 
mortality fell rapidly and continuously to reach a point of approximately 10 
per cent of the previous level. So far as children are concerned, approximately 
one-third of all erysipelas deaths were in children previous to 1937. After 
this time this percentage fell rapidly, so that in the most recent three years 
shown, the proportion of erysipelas deaths in children was only about one- 
tenth. The effect of specific therapy, therefore, has been strikingly more pro- 


- nounced in children than in adults. Possibly it is of special interest to men- 


tion that deaths from erysipelas under one year of age which ranged from 
500 to 700 annually in the years before 1937, averaged only 30 annually in 
the last five years shown. 

Exact information on the general incidence of erysipelas during this 
period is not available since it is not among the reportable diseases, but in 
the past ten years it has been apparent that the number of cases seen has de- 
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creased very strikingly so that the infection which previously was moderately 
common is now relatively rare. The mortality fall in erysipelas, as a result 
of specific therapy, is, therefore, closely associated with a decreased incidence 
of the elinieal disease and in this respect differs somewhat from that noted 
in the case of searlet fever. The possible reasons for this appear to be con- 
cerned with the nature of erysipelas infection and warrant brief comment. 
In a previous study of a number of children with erysipelas by clinical and 
cultural methods, it was found that in a very high proportion of idiopathic 
cases, the patients had an associated acute upper respiratory infection and 
there is considerable evidence that idiopathic erysipelas is usually a secondary 
skin inoculation of streptococeal disease already present in the upper respira- 
tory tract. This view is further supported by the frequency of erysipelas 
around the face and head. The increasing and widespread use of sulfon- 
amides for all upper respiratory disease and the arresting effect of this form 
of specific therapy on all streptococeal infection may well be an important 
factor in the decreased incidence of clinical erysipelas, as well as on its 
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Graph 7.—Mortality, erysipelas. 
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Whooping Cough.—As has been mentioned, whooping cough in 1935 dis- 
placed diphtheria as the chief cause of death among the common communicable 
diseases. Over many years 95 per cent or more of the deaths have been in chil- 
dren under 5 years of age so that we can limit the observations to this age 
group. Actually, however, over 99 per cent of all deaths occur in children 
under 15 years of age. In diseases in which there are marked epidemic fluctu- 
ations in morbidity with corresponding variations in the mortality, there are 
obvious difficulties in the demonstration of effects of specific therapy by mor- 
tality figures alone unless these effects are of more than slight degree. This 
is illustrated in Graph 8 in which the mortality rate (the upper solid line) 
of whooping cough is shown in children under 5 years. The morbidity curve 
of reported cases (very greatly reduced) is drawn (as a broken line) to illus- 
trate the considerable variations in incidence. If one considers that an annual 


Graph 8.—Morbidity and mortality, whooping cough. 


reported morbidity of more than 200,000 cases constitutes an epidemic year, it 
-will be seen that 1932, 1934, 1937, 1938, and 1941 were such years of greatly 
increased incidence. The mortality rate curve (the upper solid line) shows 
considerable variations coincident with the morbidity, but, after 1937, it is 
evident that the peaks of the mortality rate in 1941 and 1943 are definitely 
lower than in previous years of increased incidence. More striking is the 
greatly decreased mortality in 1944 and 1945, and, from the figures available 
from the Public Health reports, this decrease persisted in 1946 and was then 
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Graph 9.—Mortality of whooping cough, 0 to 1 year of age. 
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Graph 10.—Mortality of whooping cough, 1 to 4 years of age. 
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even considerably lower than in 1945. Although the figures of the past two 
years are not yet available, the record shown in the chart of increasing and 
persistent fall in general national whooping cough mortality in the past decade 
is of a degree that leaves little doubt of great improvement. 

The increasing use of prophylactic whooping cough vaccination may be 
considered in relation to the observed incidence of the disease, since one would 
expect this specific measure would have an effect primarily on the total mor- 
bidity and only secondarily on the mortality. In the reported incidence (the 
middle broken line), it is to be noted that only in 1944 and 1945 is there a 
decided decrease but it may be added that this decrease is still maintained 
in the two following years. This decline strongly suggests that active per- 
tussis immunization had indeed been sufficiently widespread to affect the 
general incidence of the disease. 

In the lowest curve (the dotted line) is plotted the mortality rate in 
infants under one year of age in which the annual variations follow those of 
the morbidity curve but with relatively slight reduction in height. This mor- 
tality in the first year presents some interesting features as compared to that 
of children 1 to 4 years of age and in the next chart (Graph 9) the curve of 
total annual deaths under one year is again shown. The decrease in the num- 
ber of deaths and in the height of the peaks in epidemic years after 1938 is 
evident althdugh slight. Most interesting, however, is the relative increase in 
whooping cough deaths in this early age group. In the upper curve, that of all 
whooping cough deaths, akout 60 per cent occurred in the first year during the 
early 1930’s while the proportion rose rapidly after 1938 to reach more than 
70 per cent of all pertussis deaths. It is apparent that some factors concerned 
with the decline in mortality were operating more effectively at other ages 
than in young infants during this period. This relative increase in infant 
deaths is in part explained by noting the whooping cough mortality curve of 
children in the 1- to 4-year age group during this period as shown in Graph 10. 
Here the total annual deaths show a very decided reduction in the years 
subsequent to 1938, notably in the epidemie year of 1941. In addition to the 
absolute fall in deaths there was, as noted by the upper curve, a considerable 
relative decrease in the percentage of all pertussis deaths to the same degree 
that younger infants had shown a relative increase. 

Two factors which might be concerned in explaining this discrepancy 
suggest themselves. First, the possibility that in recent years the relative in- 
cidence of pertussis in children over one year of age has been decreased by 
prophylactic vaccination. Since the common practice has been to employ this 
measure during the latter part of the first year, one might expect that this 
would result in a relatively increased incidence and consequent higher mor- 
tality in younger infants. No age incidence figures are available to support 
this suggestion, although it seems somewhat unlikely that it would entirely 
explain the difference in mortality noted. In this connection, and because 
whooping cough mortality has more and more become primarily a problem 
of the first year of life, the question of earlier specific immunization must be 
seriously considered. Recent studies have shown that active immunization 
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in early infancy is as effective as in older babies and there seems no longer 
any justification for delay in this procedure, since the urgent need for early 
protection is only too apparent. The second factor concerned in the relatively 
increased mortality from pertussis in the first year may be related to the 
effect of specific therapy on bronchopneumonia to which whooping cough 
mortality is largely due. Reference has been made previously to the fact that 
the recent decrease in general mortality from common contagious diseases 
was coincident with the increasing use of specific therapy with sulfonamide 
drugs. In whooping cough, as will be seen later in measles, this fall in mor- 
tality is much more evident and definite in children over one year of age than 
it is in younger infants. This is quite analogous to what has been pointed out 
in deaths from pneumonia unassociated with these diseases in children, and 
suggests strongly that the discrepancy is largely due to the pneumonia 
therapy. Since there is no evidence that sulfonamides are less effective in 
early infancy than in later life, it appears likely that the difficulty in adminis- 
tration of these drugs by mouth in adequate dosage to young infants has been 
an important consideration. All are familiar with these difficulties and with 
the fact that in hospital practice with very ill young infants, adequate drug 
and fluid administration is often possible only by parenteral injections. This 
procedure is only rarely practicable elsewhere and consequently timits effee- 
tive therapy in this group in many instances. In this connection; also, must 
be mentioned the fact that staphylococci are several times as frequent as a 
cause of pneumonia and of empyema during early infancy than later. Since 
these infections are especially virulent and relatively resistant to sulfonamide 
therapy, it is possible that at least part of the increased number of deaths in 
the first year may be related to them. If the foregoing hypothesis is true, a 
considerable improvement is to be expected in mortality in young infants in 
the period subsequent to that shown, by the substitution of penicillin therapy 
in such eases, especially in younger infants with pneumonia. This antibiotic 
is apparently equally effective, can be given even in small infants readily, and 
has an additional advantage over sulfonamides of the ability to control 
staphylococeus infections. 

It is true that young babies suffer more severely from all infections than 
older children, and we have become accustomed to the view that they have an 
inherent lack of resistance and a higher mortality than that seen in later 
life. It would be, however, unwise to adopt such a fatalistie attitude about 
mortality in early infancy without making every effort to obtain the maximum 
effect of all specific measures of proved value in this early age group. As has 
been suggested, there is evidence that this has not always been sufficiently 
emphasized. 

Measles.—The next mortality figures to be considered are those of measles, 
in which approximately one-half of all deaths occur in the first two years of 
life with two-thirds under the age of 5 years, and these proportions remain 
relatively constant in each year. The actual number of deaths and, of course, 
the mortality rate, may vary a great deal annually depending on the varia- 
tions in incidence. The tabulation in Graph 11 shows those variations in a 
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_ twenty-year period from 1925 to 1945, and the relation of the reported case 
morbidity to the mortality. The actual number of deaths in children under 5 
years is shown for the various years and is a little more impressive than the 
mortality rate curve, although the latter is almost identical in outline. It will 
be noted that, for example, 1928, 1934, 1935, and 1941-1944 were epidemic 
years during which more than twice the number of cases were reported 
than at other times. The reported incidence during these epidemics exceeded 
500,000 cases annually and at times reached around 800,000 as compared with 
that of 200,000 to 400,000 in the intervening years. The annual incidence of 
deaths follows a curve roughly corresponding that of the morbidity in the 
years prior to 1937, but after that time there is a very definite decrease in 
the number of deaths. Even the peaks during the epidemic years of 1938 and 
1941 show less than one-half the deaths in previous epidemic years, and are 
even lower than in many of the previous nonepidemic years. The extremely 
low morbidity and mortality in 1945 is unusual, and in the year following, 
from Publie Health Reports, measles was again epidemic with almost 700,000 
eases but with only about 1,200 deaths. 


Sinee by far the most important cause of death in measles, as in pertussis, 
is a secondary pneumonia, it appears likely that the decrease in measles deaths 
since 1937 is largely attributable to a diminished mortality from pneumonia 
in the same manner as had been suggested in the case of whooping cough, and 
is coincident with the increased use of specific sulfonamide drug therapy. In 
this connection it is of some interest that the number of deaths annually from 
measles in the second year of life was considerably greater than that during 
the first year up to and including 1938. This was to be expected since measles 
is less common during the first year because of the well-known inherited 
immunity to the disease during the early months of life. Since 1938, however, 
there have been more deaths annually in the first year than in the second. 
Although in both age groups the measles mortality decreased, the agents 
affecting the decrease operated less effectively on infants under one year, as 
was apparent also in pneumonia and in whooping cough. The greater ease of 
penicillin therapy as compared with sulfonamide drugs in the treatment of 
these younger infants may be expected to show an increasingly favorable 
response in subsequent years, as was suggested in the case of whooping cough. 

One form of specific therapy to be mentioned in relation to measles is the 
use of immune globulin and gamma globulin, although the effect of these agents 
on the mortality of the disease is somewhat difficult to estimate. Since the 
period of ready availability of gamma globulin was subsequent to the period 
reported here, probably no evidence of the use of these agents could be ex- 
pected in the mortality data under consideration. 


Meningococcus Meningitis —In considering meningococeus meningitis, the 
last of the common contagious diseases for which the effect of specific therapy 
on mortality is to be reviewed, several features must be taken into account. 
Although this disease is the least prevalent, the variations in incidence be- 
tween epidemie periods and nonepidemie years are greater, and the case fatality 
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Graph 12.—Morbidity and mortality, meningococcus meningitis. 
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rate is higher than in any of the other diseases considered. Certain general 
statements may be made about specific therapy of this infection, which can be 
divided into two periods: first, that with antimeningococcus serum which 
was in common use from early in the present century; and second, chemo- 
therapy with sulfonamide drugs starting in 1937-1938. With serum therapy 
no doubt exists that under favorable conditions and with its use early in 
the infection in hospitals there was a considerable reduction in mortality. No 
data are available, however, for analysis of the effect of this treatment on the 
general mortality of the disease, although it still remained high. With the 
advent of the sulfonamide drugs, however, all clinies noted a very striking 
fall in mortality. A single example will illustrate this and is typical of the 
experience in most hospital observations. At the St. Louis Children’s Hospital 
during the years 1912-1937, in 222 children under 15 years admitted in various 
stages of meningococeus meningitis and treated by serum therapy the case 
fatality was 40 per cent, while in 135 children admitted after 1937 and treated 
with sulfonamide drugs the case fatality was only 5 per cent. The general 
incidence and mortality of the disease over a twenty-year period is shown 
in Graph 12, in which they are tabulated in thousands annually. Here the 
wide variations between epidemic periods and other years are evident, with a 
three- to tenfold epidemic increase. It is of interest that in all years prior to 
1941, the.actual number of deaths was from 40 to 50 per cent of the cases re- 
ported, while after this the deaths averaged only about 20 per cent of the 
eases or about one-half of those in the previous period. In the lowest (dotted) 
line is shown the annual mortality in children under 15 years which forms a 
similar curve. In most years the proportion of childhood deaths is about 55 
per cent of the total mortality but it is of some interest that during the 
epidemic of 1935-1936 and again in 1943-1944 this percentage of children’s 
deaths was from 10 to 15 per cent lower, so that relatively many more deaths 
occurred in adults than in children. No data are available to explain this 
difference. It is possible that a higher incidence of the disease occurs in 
adults during epidemics since there is no evidence that therapy is more effee- 
tive in older persons than in children. 

Although the decrease in the general mortality level reached in recent 
years is gratifying, it is somewhat disappointing when compared with that 
possible in the larger clinies with modern treatment. One might attempt to 
explain this discrepancy in part by considering two possible factors which 
may interfere with more general application of therapy. The first concerns the 
difficulty in early diagnosis in certain cases of meningitis, especially in in- 
faney, because of the absence of classical signs of meningeal irritation. All 
pediatricians are familiar with the frequency with which the diagnosis of 
meningitis is made only after lumbar puncture, and that the value of this 
diagnostic measure in unexplained febrile illnesses is apparently not widely 
appreciated since many such infections are still admitted to hospitals without 
the diagnosis having been made. The second factor is related to the difficulties 
in administration of adequate sulfonamides by mouth in infants and at times 
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in older children severely ill with meningitis and requiring parenteral therapy 
in a manner similar to that discussed in the therapy of young infants with 
whooping cough pneumonia. Since 1945 the replacement of penicillin therapy 
for sulfonamides in such cases may well have a considerable effect on the 
mortality of this infection. Both of these factors are not important in most 
hospital practice but may have a bearing on the mortality of the disease else- 
where. 
SUMMARY 


To summarize briefly the effects of specific therapy on the common con- 
tagious diseases as shown by the recorded general morbidity and mortality in 
the United States, the following may be emphasized : 


1. Both the incidence and the deaths from diphtheria have shown striking 
reductions coincident with the increasing use of specific active immunization 
with toxoid. The fact that, in recent years, this reduction in morbidity and 
mortality has reached a halt without further downward progress, suggests that 
a new emphasis must be placed on the necessity for continued and more wide- 
spread active immunization of children. This is especially true since diphtheria 
still causes a large number of preventable deaths. 

2. Searlet fever and other streptococcal infections including erysipelas 
have shown a rather abrupt and striking fall in mortality as a result of 
sulfonamide therapy. Clinical scarlet fever, although still moderately prevalent, 
when treated by modern methods of specific therapy with sulfonamide drugs 
and penicillin has reached such a low mortality as no longer to constitute a 
serious menace to life in children. 

3. In whooping cough, there is some evidence in the years subsequent to 
1943 that the incidence of the disease is decreasing as a result of specific prophy- 
lactic vaccination, since fewer cases were reported in the years 1942 to 1947 
than in any previous ones. The fact that more than 70 per cent of all pertussis 
deaths occur in the first year of life, however, emphasizes the desirability of 
earlier active immunization than now generally employed. There was an easily 
demonstrable fall in general mortality in whooping cough coincident with the 
period of increasing use of specific sulfonamide drugs therapy. This was ap- 
parently due to the effect of such treatment on the associated bronchopneumonia, 
since a similar reduction in mortality occurred during this period in measles and 
in children with pneumonia not associated with these diseases. The mortality 
of infants in the first year of life was much less affected in both whooping 
cough and measles than in older children, possibly because of certain difficulties 
in the application of specific therapy in such young infants. 

4. The general mortality of meningococcus meningitis has also shown a 
decided decrease due to specific sulfonamide therapy, although its maximum 
beneficial effect has apparently not been attained because of certain difficulties 
in diagnosis and in the application of adequate treatment. It is likely that the 
more common use of diagnostic lumbar puncture in febrile illnesses of ill-defined 
origin, and with the increasing use of penicillin for therapy in meningococeus 
meningitis, especially in younger children, the mortality will be still further 
reduced. 
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I hope that this review has clarified the results of specific therapy on the 
common contagious diseases of children in the past decade as reflected by their 
mortality in the nation. In all of these diseases the effect of specific measures 
has been definite and in some it has been most striking. Certainly the improve- 
ment has been greater in conservation of life in these diseases than in any 
previous similar period. It is still necessary, however, by precept and education 
to emphasize the need of wider application of methods already available in order 
to extend the help of these methods of therapy to all children so that the 
maximum benefit may be obtained. One can confidently hope that with more 
general use of newer forms of specific treatment, especially antibiotics, that 
still further progress will be apparent in the near future. 


MORTALITY TABLES 


The following tables give the statistical data from which the graphs were 
prepared. The mortality figures are from the annual reports of the Vital 
Statistics of the United States Bureau of the Census, and those of morbidity 
are from the Bulletins of the U. S. Public Health Service. Mortality rates 
per 100,000 on children were estimated on the 1930 census figures for years 
1926 to 1935 and on 1940 census figures for years 1936 to 1945. 


CENSUS FIGURES—CHILDREN—CONTINENTAL UNITED STATES 


ALL PERSONS 0-1 YR. 0-5 YR. 5-9 YR. 10-14 YR. 0-14 YR. 
April 1, 1930 | 122,775,046 | 2,190,791 11,444,390 | 12,607,609 | 12,004,877 | 36,056,876 
April 1, 1940 | 131,954,144 | 2,020,174 10,541,524 10,684,622 | 11,745,935 | 32,972,081 


Deatus From INrectTiouSs AND Parasitic DISEASES AND FroM PNEuMoNIA (U. 8S. REais- 
TRATION AREA) 


INFECTIOUS AND PARASITIC 
DISEASES PNEUMONIA, ALL FORMS 
POPULATION | MORTALITY MORTALITY 
(U. 8S. REGIS- | RATE PER RATE PER 
YEAR TRATION AREA) DEATHS 100,000 DEATHS 100,000 
1930 118,560,800 162,326 137 98,667 83 
1931 119,421,000 163,166 137 96,974 81 
1932 120,122,000 154,320 131 92,474 77 
1933 | 125,578,763 155,821 124 86,949 69 
1934 126,373,773 148,124 117 100,573 80 
1935 127,250,232 146,840 115 104,395 81 
1936 128,053,180 148,798 116 119,378 93 
1937 128,824,829 | 149,959 116 110,009 85 
1938 129,824,939 119,685 90 87,923 64 
1939 130,879,718 125,528 96 77,633 59 
1940 131,954,144 119,755 93 72,368 55 
1941 133,060,045 119,320 90 63,935 48 
1942 133,770,500 102,596 76 63,630 48 
1943 133,996,319 111,160 81 72,896 54 
1944 132,552,005 105,769 80 64,484 49 
1945 131,975,774 92,933 70 58,196 44 


Deatus From PNEUMONIA, ALL FoRMS, IN CHILDREN UNDER 15 YEARS oF AGE 
(U. 8. REGISTRATION AREA) 


ALL UNDER 15 YR. UNDER 1 YR. - 1-14 YR. 

DEATHS DEATHS RATE DEATHS RATE 
32,176 19,948 924 12,228 36.0 
30,577 18,897 . 874 p 3 11,680 34.7 
27,019 16,590 768 10,429 30.8 
25,447 15,631 sd 724 5 . 10,816 31.9 
29,364 17,900 J 829 . 11,464 33.9 
26,873 16,599 4 768 7,339 \ 10,274 30.3 
29,256 17,749 . . 11,507 37.2 
26,648 16,562 3 8 10,086 32.6 
24,727 16,014 i " 8,710 28.1 
20,388 13,786 7. s 6,602 21.3 
20,452 14,881 5 7 ‘ 5,571 18.0 
18,578 13,687 4,891 15.8 
19,004 14,333 . 5 A 4,671 15.1 
21,200 15,819 5 5,381 17.4 
18,116 13,500 .. 3,537 4 4,616 11.7 
17,003 12,661 3 3,213 4,342 10.8 


DIPHTHERIA (U. 8S. REGISTRATION AREA) 


DEATHS IN CHILDREN DEATHS IN CHILDREN 
ALL PERSONS UNDER 5 YR. UNDER 15 YR. 


MOR- 

BIDITY | DEATHS | RATE NUMBER % | RATE NUMBER | % | 
66,576 5,822 3,428 5,356 92.0 
70,671 5,738 3,388 . 5,275 

59,784 5,418 3,135 4,959 

50,462 4,937 4,495 

43,156 4,159 3,774 

36,564 3,901 3,504 

30,018 3,065 2,748 

28,536 2,637 2,353 

30,508 2,556 2,308 

24,053 1,997 1,791 

15,536 1,457 1,285 

17,678 1,293 1,159 

16,260 1,273 1,132 

14,811 1,196 1,045 

14,150 1,145 1,041 

18,669 1,598 1,405 


ScarRLet Fever (U. 8S. REGISTRATION AREA) 


CHILDREN UNDER 
ALL PERSONS 5 YR. CHILDREN UNDER 15 YR. 


MORTALITY MORTALITY 
DEATHS RATE DEATHS DEATHS | 

2,762 2.7 2,160 

2,662 2 2,143 

2,440 1,944 

174,662 2,229 1,787 
182,634 2,468 1,919 
174,221 2,279 1,829 
200,607 2,650 2,096 
210,014 2,577 1,993 
212,395 1,986 
220,050 1,970 
260,962 2,010 
244,332 1,723 
228,887 1,288 
189,631 935 
162,897 614 
155,464 508 
126,988 343 
128,194 318 
142,622 294 
192,666 263 
175,378 179 
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ERYSIPELAS (U.S. REGISTRATION AREA) 


ALL PERSONS CHILDREN 0-1 YR. CHILDREN 0-14 YR. 
MORTALITY MORTALITY 
YEAR DEATHS RATE DEATHS RATE DEATHS % 
1925 2,455 2.4 719 32.0 882 35.9 
1926 2,680 2.6 791 36.2 967 36.1 
1927 2,567 2.4 776 35.4 937 36.5 
1928 2,724 2.4 741 33.9 900 33.1 
1929 2,887 2.5 780 35.6 947 32.8 
1930 2,508 2.1 720 32.9 886 36.1 
1931 2,275 1.9 638 29.1 787 34.6 
1932 1,934 1.6 529 24.1 661 34.2 
1933 2,017 1.6 562 25.7 674 33.4 
1934 1,947 1.5 525 24.0 644 32.5 
1935 2,106 1.7 572 26.5 701 33.3 
1936 2,006 1.6 457 22.6 551 27.5 
1937 1,246 1.0 270 13.4 331 26.6 
1938 712 0.5 154 7.6 179 25.1 
1939 635 0.5 107 5.3 135 21.1 
1940 451 0.3 83 41 105 23.3 
1941 368 0.3 54 2.7 70 21.7 
1942 261 0.2 41 2.0 52 19.9 
1943 281 0.2 24 1.2 34 12.1 
1944 219 0.2 19 0.9 23 10.6 
1945 166 0.1 14 0.7 17 10.0 
Wuoopine Coven (U. 8. Registration AREA) 
DEATHS IN CHILDREN DEATHS IN CHILDREN 
ALL PERSONS UNDER 1 YR. UNDER 5 YR. 
YEAR MORBIDITY | DEATHS | RATE |NUMBER | PER CENT | RATE |NUMBER | PERCENT | RATE 
1930 166,914 5,707 46 3,418 59.9 155.0 5,464 95.7 47.9 
1931 169,283 4,619 3.9 2,685 58.0 122.0 4,408 95.4 38.5 
1932 214,310 = 5,364 4.3 3,232 60.3 147.0 5,117 95.4 44.9 
1933 179,135 4,467 3.6 2,648 59.3 120.0 4,260 95.4 37.4 
1934 265,269 7,518 5.9 4,565 60.3 207.5 7,172 95.4 62.9 
1935 172,489 4,753 3.7 2,940 61.6 147.0 4,493 94.5 39.4 
1936 147,237 2,666 2.1 1,718 64.4 78.1 2,547 95.5 24.2 
1937 214,652 4,981 3.9 3,171 63.7 158.5 4,809 96.3 45.7 
1938 227,319 4,778 3.7 3,095 64.8 154.7 4,594 96.1 43.7 
1939 183,046 3,026 2.3 2,013 66.5 100.7 = 2,920 96.5 27.8 
1940 183,866 2,926 2.2 2,015 68.8 100.7 2,844 97.9 27.1 
1941 219,987 3,785 2.8 2,572 68.0 128.5 3,668 96.9 34.9 
1942 191,383 2,536 1.9 1,808 71.2 90.0 2,459 97.0 23.4 
* 1943 191,890 3,368 2.5 2,419 71.6 121.0 3,279 97.0 31.2 
1944 109,873 1,878 14 1,323 70.4 60.6 1,852 97.5 17.6 
1945 133,792 1,752 1.3 1,249 71.3 60.2 1,699 96.9 16.1 
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MEASLES (U. 8S. REGISTRATION AREA) 


ALL PERSONS Q0-1 YR. | 1-2 YR. UNDER 5 YR. 
MORBID- | 
YEAR ITY es RATE | DEATHS | % DEATHS | % DEATHS | % | RATE 
2,404 2.3 667 27.7 784 32.6 1,944 81.2 18.4 
 — 8,607 82 2,182 25.4 2,596 30.2 6,771 78.7 59.3 
1927 441,349 4433 4.1 1,037 23.4 1,189 26.8 3,244 73.2 28.4 
1928 561,721 6,146 5.4 1,486 24.0 1,728 28.1 4,483 72.6 39.3 
1929 366,056 2,923 2.5 646 22.1 827 28.3 2,134 73.0 18.7 
1930 419,465 3,820 3.2 827 21.6 1,050 27.5 2,858 74.8 25.0 ‘ 
1931 474,549 3,576 3.0 766 21.1 968 28.2 2,570 71.9 23.0 
1932 403,294 1,941 1.6 436 22.5 479 24.7 1,325 68.2 12.0 
1933 400,894 2,813 2.2 576 20.5 728 25.9 1,934 68.8 17.0 
1934 799,455 6,986 5.5 1,497 21.4 1,542 22.1 4,520 64.7 40.0 
1935 743,856 3,907 3.1 798 20.4 861 22.0 2,440 62.3 23.0 
1936 299,493 1,267 1.0 252 20.0 305 24.1 816 64.4 8.0 
1937 $321,510 1,501 1.2 332 22.1 378 25.2 1,026 68.3 10.0 
1938 822,811 3,296 2.5 718 21.8 729 22.0 2,140 64.9 20.0 
1939 403,317 1,174 0.9 297 25.4 235 20.0 741 63.1 7.0 
1940 291,162 706) (0.5 182 25.8 168 23.8 509 72.1 5.0 
1941 881,529 2,279 1.7 604 26.5 436 19.1 1,478 64.9 14.0 
1942 547,393 1,302 1.0 341 26.2 243 18.6 823 63.2 8.0 
1943 633,627 1,301 1.0 318 24.5 273 20.9 853 65.6 8.0 
1944 530,291 1,923 1.5 536 27.8 423 22.0 1,358 70.6 13.0 
1945 146,002 307 «60.2 91 29.6 67 21.8 214 69.7 2.0 


MENINGOCOCCUS MENINGITIS (U. S. REGISTRATION AREA) 


CHILDREN UNDER 
ALL PERSONS 5 Yr. | CHILDREN UNDER 15 YR. 
MORTALITY | MORTALITY 

YEAR siaiaatiaal DEATHS | RATE DEATHS | % DEATHS | % RATE 
1925 pitied 1,095 1.0 565 51.6 777 71.0 
1926 seinen 1,413 13, 623 44.1 913 64.6 2.6 
1927 inlet 1,705 1.6 671 39.4 1,046 62.5 2.9 
1928 4,996 2,923 2.6 982 33.6 1,715 58.7 4.8 
1929 10,551 5,208 4.5 1,629 31.3 2,844 56.5 7.6 
1930 8,384 4,211 3.6 1,291 30.7 2,313 54.9 6.4 
1931 5,426 2,832 2.3 924 32.6 1,567 55.3 44 
1932 3,099 1,677 14 571 34.0 962 57.4 2.7 
1933 2,913 1,482 1.2 511 34.5 815 55.0 2.3 
1934 2,500 1,272 1.0 439 34.5 708 55.7 2.0 
1935 5,736 2,657 2.1 670 25.2 1,131 42.6 3.1 
1936 6,729 3.020 2.4 727 24.1 1,296 42.6 3.9 
1937 5,484 2,208 pm 630 28.5 1,114 50.5 3.4 
1938 2,788 1,024 0.8 384 37.5 565 55.2 1.7 
1939 1,967 863 0.7 346 40.0 511 59.2 1.5 
1940 1,638 694 0.5 292 42.1 399 57.5 1.2 
1941 1,949 713 0.5 291 40.8 401 56.2 1.2 
1942 3,816 981 0.6 329 33.5 446 45.4 1.3 
1943 18,221 2,927 2.2 762 26.0 1,120 38.3 3.4 
1944 16,315 2,812 2.1 815 29.0 1,194 © 42.1 3.6 
1945 8,190 1,728 1.3 621 35.9 845 48.8 2.6 


CHORIORETINOPATHY ASSOCIATED WITH OTHER EVIDENCE OF 
CEREBRAL DAMAGE IN CHILDHOOD 


A SynpromMe or UNKNOWN ErIoLoGy SEPARABLE FROM 
CONGENITAL TOXOPLASMOSIS 


Avsert B. M.D., anp Harry A. FetpMaAN, M.D.* 
CINCINNATI, OHIO 


VER since chorioretinitis and cerebral calcification were recognized as im- 

portant manifestations in proved fatal cases of congenital toxoplasmosis, 
this disease came to be considered in differential diagnosis whenever one or the 
other of these signs was found, especially in association with other evidence of 
cerebral damage in childhood. In the past nine years many investigators in 
the United States,’° and more recently also in Sweden,* Holland,” * and Italy® 
have used the rabbit test for toxoplasma antibodies for the serologic ‘‘confirma- 
tion’’ of the diagnosis of toxoplasmosis. The diagnosis of congenital toxoplas- 
mosis was made in surviving children with clinical manifestations similar to 
those encountered in the proved fatal cases of this disease when toxoplasma 
antibodies were found in the serum of both child and mother. However, since 
little was known about the development and persistence of this antibody, the 
diagnosis was occasionally also regarded as highly probable when only the 
mother’s serum had antibodies and in some instances of chorioretinitis, or cere- 
bral calcification, or both, even in the absence of antibodies. Expressions such 
as ‘‘elinically typical toxoplasmic chorioretinitis’’ or ‘‘clinically typical cerebral 
calcification’? had begun to appear in the literature. Since chorioretinitis of 
unknown etiology in adults was not infrequently found to be associated with 
toxoplasma antibodies in the patient’s serum, ‘‘toxoplasmic chorioretinitis’’ had 
become a clinical entity of some importance in ophthalmology. However, the 
rabbit neutralization test on which these conclusions were based presented many 
pitfalls. Thus, the specific antitoxoplasmice activity of a serum was highly 
thermolabile even at ordinary refrigerator temperatures’® and was rapidly lost 
on slight dilution. The test was, therefore, qualitative rather than quantitative ; 
it was incapable of differentiating between the antibody response due to toxo- 
plasmic infection of relatively recent date and that resulting from exposure to 
toxoplasma in the more distant past, or conceivably to some other agent contain- 
ing a related antigen. Although there was good evidence that inapparent or 
clinically unrecognized toxoplasmie infection occurred in human beings, little 
or nothing was known about the incidence of toxoplasma antibodies in different 
age groups of the normal population. 


From The Children’s Hospital Research Foundation and Department of Pediatrics, Uni- 
versity of Cincinnati College of Medicine. 

Presented at the annual meeting of the American Pediatric Society, May 5, 1949, at 
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The recent development of new immunologic methods has provided the 
means for considerable clarification of the problem. The new methods are the 
skin test in human beings," the complement fixation test with chorioallantoic 
membrane antigen" rendered more specific by high-speed centrifugation, and 
the in vitro dye test for the demonstration of toxoplasma neutralizing anti- 
bodies."* In our experience, the skin test in human beings has proved useful 
only for crade population surveys and useless for diagnosis, because it was not 
infrequently negative in individuals with antibodies in the serum and the extent 
of the positive reactions was not correlated with the titer of antibodies. A recent 
survey in the Cincinnati area revealed that the number of ‘‘normal’’ people 
giving positive skin reactions to toxoplasma antigen and containing antibody in 
their serum rises gradually from zero in those under 5 years of age to over 65 
per cent in middle age and beyond."* It is not clear at this time whether this 
high incidence of antibody, usually of low titer, in the older members of the 
normal population is all due to inapparent or unrecognized infection with toxo- 
plasma or to infection with an as yet unknown agent antigenically related to it. 
It is clear, however, that mere association with toxoplasma antibodies, and more 
especially antibodies of low titer, cannot be regarded even as presumptive evi- 
dence that certain obscure clinical conditions are etiologically related to toxo- 
plasma. The recently developed in vitro dye test’® provides the most sensitive 
and quantitative means for measuring toxoplasma neutralizing antibodies, and, 
together with the improved complement fixation test,’* yields the most precise 
information that can be obtained at this time regarding the immunologic re- 
sponse to toxoplasmie infection. The dye test depends on the discovery that the 
cytoplasm of the toxoplasma loses its affinity for methylene blue and certain 
other basie dyes after it has combined with the specifie antibody, which is heat- 
stable and has been acted on by a heat-labile, nonspecific, accessory factor present 
in small amounts in human serum. The‘dye test titer refers to the highest origi- 
nal dilution of a serum which, in the presence of a constant amount of accessory 
factor, is capable of depriving the cytoplasm of 50 per cent of the toxoplasma of 
its affinity for methylene blue at pH 11.0. In experimental animals the dye test 
antibody appears within three to five days after infection and reaches peak titers 
of 1:1,000 to 1:4,000 in ten to twenty-one days, while the complement-fixing 
antibody, as a rule, appears later. The data which have been accumulated thus 
far indicate that the same high titers oecur in both clinically apparent and 
inapparent toxoplasma infections in human beings, and can persist at this high 
level for at least two to five years. The complement-fixing antibodies can also 
persist for this long period in human beings,"* and it is, therefore, of interest 
that the low-titer neutralizing antibodies encountered so often in the normal 
population are much less frequently associated with eomplement-fixing antibodies. 

During the past year we applied the dye test, and in most instances also the 
complement fixation test, to the study of sixty children with various manifesta- 
tions suggestive of congenital or neonatal cerebral damage. Only a few of these 
were seen in Cincinnati; the majority came from different parts of the United 
States and a few also from England, Holland, and Czechoslovakia. The sero- 
logie results on the children and with few exceptions also on their mothers were 
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correlated with the clinical histories and roentgenograms of the skull which were 
kindly supplied by a large number of interested pediatricians. Since the experi- 
ence of one of us (A. B. 8S.) in previous years had indicated that in the absence 
of both chorioretinitis and cerebral calcification, the tests for toxoplasma anti- 
bodies (by the rabbit method) were almost invariably negative among children 
with hydrocephalus, microcephaly, convulsions, or other signs of cerebral damage 
of congenital or neonatal origin, not many of these were included in the present 
study. However, among the sixty children in the present investigation there 
were seventeen without chorioretinopathy, and all of them gave negative sero- 
logie tests although some of their mothers gave positive results with titers such 
as might be encountered in the normal population of similar age. The toxo- 
plasma antibody titers on the children with chorioretinopathy observed during 
life, post mortem, or both, and in most instances also on their mothers, are pre- 
sented in Table I. In three cases of pathologically proved congenital toxo- 
plasmosis with chorioretinitis and cerebral calcification, only the mothers’ sera 
were tested and these yielded the high dye test and complement-fixing titers 
encountered in experimentally infected animals. In addition to the three fatal 
eases just mentioned, there were two additional pathologically proved cases of 
infantile toxoplasmosis which helped to establish the fact that high antibody 
titers were the rule in recent cases of proved toxoplasmie infection. It is evident 
from the titers listed in Table I that the children with chorioretinopathy and 
other evidence of cerebral damage clearly fell into two distinet groups—one sero- 
logically compatible with a diagnosis of congenital toxoplasmosis and the other 


not. During the first twenty-three months of life in the serologically positive 


children, the dye test titers were all jm the range of 1:1,024 to 1:16,384 and all 
but two of the ten children had complement-fixing titers of 1:16 to 1:128. The 
mothers’ sera were all positive in the complement fixation test and their dye test 
titers were also high. The same was also true in the case of the children and 


Taste I. QuaNtTITATIVE TOXOPLASMA ANTIBODY TESTS ON CHILDREN EXHIBITING 
CHORIORETINOPATHY WITH OTHER SIGNS OF CEREBRAL DAMAGE 
AND ON THEIR MOTHERS 


TIME ; 
APTER CHILDREN MOTHERS 


BIRTH DYE TEST COMPLEMENT- DYE TEST COMPLEMENT- 
GROUP (Mo.) | No. TITERS *IXING TITERS . TITERS FIXING TITERS 
0-5 4,096, 1,024), 32, 32, 128 1,024, 1,024 32, 64, 32 
1,024 4,096, 1,024 32(16), 32 
2,048 
Serologically 5 6| 4,096, 1,024 32, 16 2 1,024, 4,096 
compatible 1,024, 1,024 1,024, 1,024 
with econ- 4,096, 16,384 3 3: 1,024, 256 
genital toxo-| 24-7 256, 1,024 256, 
plasmosis 128, 1,024 256, 
1,024 32, 

64, 64 128, 

16, 16 
Serologically 0,0,0,0,0 0,0,0,0 4,0,0,0,0 
not congeni- Undil,0,0,0,0,0| 0,0,0,0,0,0 4,4,4,16,16,< 64 
tal toxo- 0,0,0,0,0,0,0,0 0,0,0,0,0,0 64,0,0,0,0,0,0,0 
plasmosis 5 0 0 0 
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mothers tested between 24 and 71 months after birth, although some of the 
antibody titers tended to be lower. Among the four children aged 6, 614, 7 and 
7 years the dye test titers were 64, 64, 16, and 16, respectively, and the comple- 
ment-fixing titers were 8, 16, 0, and 2, respectively. The sera of the mothers of 
the 6- and 614-year-old children were both positive with dye test titers of 128 
and 64 and complement fixation titers of 1:8 and 1:32, respectively. One of the 
T-year-old children had been observed by one of us (A. B. S.) since 6 months of 
age and his mother’s serum taken at that time was strongly positive by the 
rabbit test. It is apparent, however, that the antibody titers drop with the 
passage of the years, and after 6 to 7 years of age it may be difficult to establish 
the diagnosis of congenital toxoplasmosis in the individual case. In the sero- 
logically negative group of twenty children, nineteen were under 2 years of age 
and all but one gave completely negative results. The mother of the one 12- 
month-old child, whose serum yielded a positive dye test only in the undiluted 
state, had a serum dye test titer of 1:64, and it is possible that this may represent 
an unusually long persistence in very low titer of placentally transmitted ma- 
ternal antibody.*® The occurrence of ‘‘dye-test’’ antibody in low titer among 40 
per cent and complement-fixing antibody of low titer among 15 per cent of the 
mothers of this group of serologically negative children corresponds to what one 
may expect to find in the ‘‘normal’’ population of the same age, and is in sharp 
contrast to the results in the mothers of the serologically positive children, par- 
ticularly during the first two years after birth. The whole serologic pattern is 
so strikingly different in the two groups, that now there appears to be no justi- 
fication for considering the diagnosis of toxoplasmosis in the absence of con- 
clusive serologic data. The assumption that the neutralizing or dye test anti- 
bodies may disappear quickly in some individuals or that infants may be slow 
in developing their own upon iosing the placentally transmitted maternal anti- 
body is without valid evidence and, therefore, untenable. 

A remarkable difference in the incidence of cerebral calcification was found 
among the children with chorioretinopathy depending on whether or not the 
serologic evidence for congenital toxoplasmosis was positive or negative. The 
analysis of the data shown in Table II indicates that the incidence of cerebral 
calcification was 92 per cent in the serologically positive group as compared with 
5 per cent in the serologically negative group among the children under 2 years 
of age. In the serologically positive group of ten children 2 to 7 years of age 


TaBLE II. INCIDENCE OF CEREBRAL CALCIFICATION AMONG CHILDREN EXHIBITING CHORIO- 
RETINOPATHY AND OTHER EVIDENCE OF CEREBRAL DAMAGE IN RELATION TO 
SEROLOGIC EvIDENCE OF CONGENITAL TOXOPLASMOSIS 


SEROLOGIC EVIDENCE 
OF CONGENITAL AGE GROUP CEREBRAL CALCIFICATION 
TOXOPLASMOSIS (YR.) ; (% POSITIVE) 

Under 2 92 

Positive 2-7 80 
Total 87 

Under 2 5 

Negative 2-7 0 

Total 5 
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at the time their sera were first tested, there were two without cerebral calcifica- 
tion (24 months and 44 months old) ; together with our colleague, radiologist 
Dr. Frederie N. Silverman, we had an opportunity to examine the skull roent- 
genograms on these two patients and could confirm the absence of grossly dis- 
cernible calcification. (We are indebted to Dr. Arild E. Hansen of Galveston, 
Texas, and Drs. C. P. Beattie and R. S. Illingworth of Sheffield, England, for 
forwarding these roentgen pictures to us.) This high incidence of cerebral 
calcification in surviving children with positive serologic evidence of congenital 
toxoplasmosis is in keeping with the observations recorded in the literature on 
the proved fatal cases of the infantile disease; in only four of the thirty-one 
reported fatal, infantile cases, in which toxoplasma had been demonstrated and 
a search for calcification was made post mortem, was the brain found to be free 
of calcium deposits. 


Fig. 2.—Same as Fig. 1. Abnormal blood vessel under higher magnification. (a) Hema- 
toxylin and eosin. b) Phosphotungstic acid hematoxylin. (X840.) Figs. 1 and 2 were 
photographed from sections supplied by Dr. W. W. Tribby of Memphis, Tenn. 


In the present study only one patient was encountered who had diffuse 
cerebral calcification and hydrocephalus associated with the chorioretinopathy 
and yet gave negative serologic tests for toxoplasmosis: This patient died at 18 
months of age shortly after the serologic tests had been performed and through 
the courtesy of Dr. Robert Ward of the Department of Pediatrics, New York 
University College of Medicine, we had an opportunity to examine sections of 
the brain, in which we could find no toxoplasma or any old, inflammatory, 
granulomatous lesions suggestive of toxoplasmosis. One of us (A.B.S8.), how- 
ever, had previously encountered two other infants (7 to 8 months of age) in 
whom cerebral calcification, chorioretinopathy, and internal hydrocephalus were 
not found, on histologic examination post-mortem, to be associated either with 
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toxoplasma or with an inflammatory process suggestive of toxoplasmosis. The 
first of these was studied through the courtesy of Drs. Gilbert J. Levy and 
W. W. Tribby of Memphis, Tenn. Toxoplasma antibody tests by the rabbit 
method (earried out by our colleague, Dr. Ruchman) were entirely negative 
on the mother and the child. The child died at about 8 months of age and 
the striking finding in the brain (in addition to the extensive internal hydro- 
cephalus and diffuse cerebral calcification) was the many areas of softening 
associated with peculiar degenerative changes in many of the small blood 
vessels, consisting of a marked, usually eccentric thickening of the walls 
filled with hyaline or amorphous, granular or fibrillar, acidophilic material, 
staining a deep purple with phosphotungstie acid hematoxylin. (Figs. 1 and 2 
were photographed from sections kindly supplied by Dr. W. W. Tribby.) The 
eye lesions were also noninflammatory and consisted of areas of retinal and 
choroid atrophy. In the second child no toxoplasma serologic tests were per- 
formed but the sections which one of us (A. B. S.) saw through the courtesy 
of Drs. R. V. Platou and John Dent of New Orleans, exhibited similar vascular 
changes in addition to cerebral calcification and chorioretinal atrophy, but 
neither toxoplasma nor the inflammatory lesions of toxoplasmosis could be found. 
It should, perhaps, be noted here that thé recent report’’ that diffuse torulosis 
in the newborn infant may give rise to cerebral calcification, hydrocephalus, and 
chorioretinitis needs some revision. Through the courtesy of Dr. Sidney Farber, 
one of us (A. B. S.) has had an opportunity to study the sections on these cases, 
and toxoplasma were identified as the cause of the lesions in the brain, eyes, and 
viscera. Tests on the sera of the mothers of two of these cases, kindly supplied 
by Dr. Farber, yielded the same high toxoplasma neutralizing and complement 
fixing antibody titers as the other mothers of children with congenital toxoplas- 
mosis listed in Table I. 

It would appear from these observations that, while chorioretinopathy in 
infaney and early childhood without concomitant serologic evidence of toxo- 
plasmosis is only infrequently associated with cerebral calcification, it is not pos- 
sible in the individual patient to be certain of the diagnosis of toxoplasmosis on 
any clinical grounds. All that ean be said is that when chorioretinopathy is 
associated with cerebral calcification in infancy, the chances are approximately 
90 per cent that it is due to toxoplasma. Conversely, when chorioretinopathy is 
encountered without cerebral calcification in infancy, the chances may be about 
90 per cent that it is not due to toxoplasma. The precise diagnosis in the in- 
dividual case can be of special importance in determining the advice that may 
be given to parents with regard to the expectation of normal children from 
subsequent pregnancies. An analysis of our own data taken together with in- 
formation available on reported cases (to be published separately) of unequivo- 
eal instances of congenital toxoplasmosis, indicates that subsequent children, 
born at any time after the toxoplasma-infected child, are normal. This has oc- 
curred in mothers with very high titers of neutralizing and complement-fixing 
antibodies,"* suggesting that the persistence of these antibodies in high titer is 
not indicative of an active toxoplasmie infection that might be transmitted in 
utero. Since very little is as yet known about the etiologic basis of those in- 
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fantile cases of cerebral damage associated with chorioretinopathy which are not 
due to toxoplasmosis, it is highly desirable to analyze whatever information may 
be gathered on them. 

Brief summaries of the histories and clinical manifestations available on 
each of the nineteen children with chorioretinopathy but without cerebral ealci- 
fication or serologic evidence of toxoplasmosis are presented in Table III, and 
an analytic summary of the manifestations in all the children is given in Table 
IV. Serologic tests for syphilis were negative in all of these patients. It may 
be seen that microcephaly or macrohydrocephaly, convulsions, and psychomotor 
retardation were frequent concomitant features. In at least thirteen of the 
nineteen children there were no associated congenital defects, while in five, 
various types of congenital deformity not referable to the nervous system were 
present. From the available histories one cannot incriminate any clinically 
recognized infectious disease of the mother or exposure to roentgen rays during 
pregnancy. A history of prolonged or difficult labor was present in only two 
instances, and of premature birth in one instance among thirteen case histories 
with information on these subjects. Data on the status of preceding or succeed- 
ing siblings is as yet very scanty. In seven of twelve cases, the patient was the 
first-born child and no information is as yet available on the result of subsequent 
pregnancies; in four instances the preceding siblings were all well, and in an- 
other family there were three preceding normal children, one preceding child 
with ‘‘a questionable spell’’ at 2 years of age and some retardation in motor 
development, and one child, appearing entirely well at 6 weeks of age, born sub- 
sequent to the patient. One of the patients in this group (No. 7 in Table IIT; 
Fig. 4) died at 12 months of age of a bronchopneumonia while this report was 
in preparation. The brain of this patient showed evidence of defective develop- 
ment (multiple microgyria, one open lateral ventricle with multiple cysts in a 
highly proliferated choroid plexus, abnormality in convolutions and sulci) but 
not of any inflammatory process; grossly one eye showed evidence of retinal 
and choroid atrophy while the other, with microphthalmus and microcornea, 
exhibited a retrolental mass in the vitreous. 

It is not at all unlikely that the syndrome of infantile chorioretinopathy 
and cerebral damage without cerebral calcification or serologic evidence of toxo- 
plasmosis may ultimately be associated with a variety of etiologic factors. In 
the first description of the damage caused the human fetus by excessive exposure 
of the mother to x-rays, Aschenheim*™* noted that a child with microcephaly and 
imbecility had chorioretinitis in both eyes which also exhibited microphthalmus 
and optie atrophy. In his description of the bilateral retrolental fibroplasia 
which develops in certain premature infants, Terry’® reported one case (Case 6, 
7 months old) in which retrolental fibroplasia was present only in the right eye 
while the left eye presented a lesion in the macular region resembling a ‘‘heal- 
ing chorioretinitis.’’ Both Gregg*® and Swann et al.** in their reports on con- 
genital cataracts in children born of mothers who had German measles early in 
pregnancy, mentioned an instance in monocular cataract cases in which the 
other eye presented chorioretinal lesions. While the possibility of toxoplasmosis 
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TaBLe III. CHORIORETINOPATHY WITHOUT CEREBRAL CALCIFICATION OK SeROLOGIC EVIDENCE 
or TOXOPLASMOSIS: Data ON INDIVIDUAL PATIENTS 


PATIENT 


NAME, | AGE AT | 
RACE, | TIME OF | STATE 
AND TEST OR 
SEX (M0.) | COUNTRY CHIEF MANIFESTATIONS AND PERTINENT HISTORY 
Br. 1% Missouri O.D.—posterior lenticonus, dise white, large areas. of 
White old chorioretinitis at posterior pole extending from 
Male dise laterally to involve macular area, vessels nor- 
mal. 
0.S.—posterior lenticonus, dise white, large area of 
old chorioretinitis just lateral to but not involving 
dise, macula probably involved. No ‘‘activity,’’ 
masses in vitreous or fibrous bands in either eye. 
Head enlarged (41.4 em.) with chest 32.2 em. Sub- 
dural tap negative. Ventricular fluid clear, slightly 
yellow, no cells, protein 94 mg. per cent. Periodic, 
convulsive jerking of both arms and legs. Harsh, 
loud, systolic murmur over entire precordium. 
Mother in labor 1544 hours. Courtesy of Drs. Bailey 
Webb, John E. Byrne, and Gerald E. Hughes of 
St. Louis Hospital. 
Louisiana Retinal degeneration and optic atrophy O. U. Pro- 
“ White gressive enlargement of head since birth with bi- 
Male lateral, irregular dilatation of lateral ventricles. 
Courtesy of Dr. R. V. Platou of Tulane University, 
New Orleans. 


3. Mo. 24%, + England Bilateral microphthalmus with extensive choroidal de- 
¢ White (Ches- generation. Convulsions since birth: twitching of 
Female ter) arms and legs accompanied by rigidity and some 
opisthotonos, every 15 minutes. CSF: no cells, 80 
mg. per cent protein. Bilateral talipes equinovarus. 
Full term breech delivery. Mother treated for hem- 
orrhage and hydramnios during pregnancy but no 
history of infection or exposure to x-ray. No his- 
tory of convulsions on either side of family. Pa- 
tient is first born child. Courtesy of Dr. T. E. D. 
Beavan of Chester City Hospital. (See Fig. 3.) 

4 Ba. Arkansas __ Blind, bilateral chorioretinitis affecting macula. Con- 
White . vulsions and retarded development. No history of 
Female maternal illness during pregnancy. Courtesy of Dr. 

Wm. A. Reilly, University of Arkansas School of 
Medicine, Little Rock. 
Ohio Many areas of depigmentation and chorioretinitice de- 
generation in both eyes, more diffuse in left than 
Female right; dises and vessels normal; pupils equal and 
react to light and accommodation. Convulsive seiz- 
ures several times daily began during third month 
and continued with increasing frequency. Cortical 
atrophy present. CSF: normal with 33 mg. per cent 
protein. Electroencephalogram showed diffuse, slow 
dysrhythmia believed to be due to organic brain 
disease. (Can hold up head but unable to sit up 
and coordination of hands and feet not evident.) 
Spontaneous, full-term delivery after 144 hours of 
labor. Courtesy of Drs. F. William Sunderman and 
Alexander T. Bunts of Cleveland Clinic. 


6 Tr. Holland Poor vision, bilateral choroiditis. Microcephaly. De- 
White formity of right ear and ‘‘skin . . . covered with 
little papulae.’’ Born two weeks before expected 
date after short labor. Cyanotie during first 48 
hours of life. Mother suffered from hyperemesis 
during pregnancy but no illness was recognized. 
Family history and diet during pregnancy ‘‘not ab- 
normal.’’ Patient is first born child. Courtesy of 
Prof. 8S. van Creveld of Amsterdam, 
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PATIENT 


NAME, | AGE AT 
RACE, | TIME OF | STATE 
AND TEST OR 
SEX (MO.) | COUNTRY CHIEF MANIFESTATIONS AND PERTINENT HISTORY 
_ Lo. 7 Ohio O.D.—microcornea, fixed pupil, and microphthalmus. 
White O.S.—‘‘ large area of retinal degeneration surrounded 
Female by excessive pigment giving appearance of old, 
healed retinitis.’? Repeated convulsions since birth 
with almost no psychomotor development. Micro- 
cephaly. Cleft palate, multiple hemivertebrae, 
pigeon-breasted. Born at term following prolonged 
traumatic delivery. . Seven preceding siblings all 
well. See Fig. 4. Patient studied at Children’s 
Hospital, Cincinnati. 
Fo. Fundi showed pale areas varying in size from a 
White twelfth to a half dise diameter with surrounding 
Female black pigment. Three such areas in right and seven 
in left. Questionable microcephaly. Poor psycho- 
motor development. CSF normal. First born child 
from a normal, full-term delivery. Mother well dur- 
ing pregnancy, x-rayed once for diagnosis. Courtesy 
of Professors R. S. Illingworth and C. P. Beattie of 
the University of Sheffield. 


O.S.—dumbbell-shaped area of an old scarred chorio- 
retinitis, lower portion whitish-yellow, upper portion 
dark red with flecks of black pigment in it; macula 
normal. 

O.D.—normal. Pneumoencephalogram showed moder- 
ate dilatation of both lateral ventricles with evi- 
dence of some cerebral agenesis. Electroencephalo- 
gram considered abnormal because of good deal of 
three per second activity. CSF was normal. Transi- 
tory febrile illness with convulsions and seeming 
blindness at 74% months of age. Vision reappeared 
and apparently normal motor and psychic develop- 
ment was noted at 15 and 16 months of age. First- 
born child, delivered by elective Cesarean section. 
No maternal illness or exposure to x-ray during 
pregnancy. Courtesy of Dr. John A. Anderson, Uni- 
versity of Utah, Salt Lake City. 


O.S.—one large area of old chorioretinitis in region of 
macula. O.D.—normal. Microcephaly, psychomotor 
retardation, unable to hold up head or sit alone. 
Born two weeks prematurely after prolonged and 
difficult labor. No maternal illness or exposure to 
x-ray during pregnancy. First born child. Cour- 
tesy of Dr. John H. Doval, Sacramento, Calif. 


Louisiana ‘‘Areas of suggestive chorioretinitis’’ in both eyes. 
Microcephaly, dilated lateral ventricles, and cere- 
bral agenesis, occasional muscular twitchings; cannot 
crawl or sit alone. First born child, with uncom- 
plicated delivery after eight months’ gestation. 
Courtesy of Dr. R. V. Platou, Tulane University, 
New Orleans. 


Poor vision, retinal degeneration suggested by peppery 
appearance of fundi, both optic dises grayish. Left 
internal strabismus, Microcephaly with cerebral 
atrophy. CSF normal. Does not crawl, sit, or 
vocalize. Pigeon-breasted, phimosis. No maternal 
illness or exposure to x-ray during pregnancy. Spon- 
taneous delivery. Two preceding siblings normal. 
Patient studied at Children’s Hospital, Cincinnati. 
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PATIENT 


NAME, 
RACE, STATE 
AND OR 
SEX " COUNTRY CHIEF MANIFESTATIONS AND PERTINENT HISTORY 
St. Maryland 0.D.—large atrophic lesion with pigmented margins 
Negro at temporal side of macula and a similar, smaller 
Female lesion but three times the size of the dise in the 
upper temporal region. O.S.—large atrophic lesion, 
‘*many times’’ the size of the dise in the temporal 
area but sparing the macula. Vessels, media, and 
dises normal. Spastic, retarded infant with major 
generalized convulsions since 11 months of age. No 
maternal illness or exposure to x-rays during preg- 
nancy. Courtesy of Dr. J. Neill Lysaught, Harriet 
Lane Home, Johns Hopkins Hospital. 
Ro. Louisiana Area of chorioretinitis involving macular region of 
Negro right eye, variable right internal strabismus. Micro- 
Male cephaly since birth, spastic, retarded, mongoloid 
facial features, mannerisms of mentally deficient in- 
fant. Patient is fifth child, from a normal, full-term 
delivery. Preceding siblings normal except one with 
questionable ‘‘spells’’ at 2 years of age and delay 
in walking until 2 years of age; one succeeding 
sibling normal at 6 weeks of age. No maternal ill- 
ness during pregnancy and no family history of 
retarded development. Courtesy of Dr. R. V. Platou, 
Tulane University, New Orleans. 
Br. Holland Bilateral chorioretinitis. Hydrocephalus since 1 month 
White of age without preceding infection or trauma. CSF: 
Female xanthochromie, no cells, ‘‘contains albumin.’’ Nor- 
mal, spontaneous delivery. No maternal illness or 
exposure to x-rays during pregnancy. Courtesy of 
Prof. S. van Creveld of Amsterdam. 
O.8.—fundus shows large white areas mostly circular 
with large amounts of black pigment at periphery 
or within the affected areas. O.D.—removed at 6 
months of age because of ‘‘tumor mass’’ which un- 
fortunately was lost before histologic examination. 
Microcephaly. CSF was normal. Smiled at 2 
months, sat up at 6 months, and can stand and walk 
with support at 13 months. First born child from 
a normal, full-term delivery. No maternal illness 
during pregnancy; single exposure to x-rays for 
diagnostic purposes between seventh and eighth 
month of pregnancy. Courtesy of Professors R. 8. 
Illingworth and C. P. Beattie of the University of 
Sheffield. 
Michigan _ Bilateral retinal atrophy simulating old chorioretinitis. 
Convulsive episodes since 2 months of age; occa- 
sional unexplained febrile episodes. No maternal 
illness during pregnancy. One preceding 4-year-old 
sibling normal. Courtesy of Dr. J. C. Montgomery 
of Detroit. 
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PATIENT 


NAME, | AGE AT 
RACE, | TIME OF | STATE 
AND TEST OR 

NO. SEX (M0.) | COUNTRY CHIEF MANIFESTATIONS AND PERTINENT HISTORY 


18 Bo. 18 New Blindness first noted at 3 months of age; bilateral 
White Jersey microphthalmus and chorioretinitis. Convulsions 
Female without fever at 5 months and at 14 months. Could 

sit alone at 10 months, stand with support at 12 
months, and spoke a few words at 18 months. Born 
during sixth month of pregnancy after sudden, spon- 
taneous, severe maternal hemorrhage; birth weight 
2 pounds, 4 ounces, but. weighed 12 pounds at 
months. No maternal illness or exposure to x-rays 
during pregnancy and no history of familial disease. 
One preceding, 4-year-old sibling entirely normal. 
Courtesy of Drs. C. P. Defuccio and R. G. Berggreen, 
Medical Center, Jersey City. 

19 Bu. 67 Louisiana Unusually severe, long standing, healed choroiditis. 

Female Convulsions and mental retardation. Head normal 
size. No maternal illness or exposure to x-rays dur- 
ing pregnancy. Courtesy of Dr. R. D. Johnson, 
Ochsner Clinic, New Orleans. 


TABLE IV. CHORIORETINOPATHY WITHOUT CEREBRAL CALCIFICATION IN INFANCY Nor Dug TO 
CONGENITAL TOXOPLASMOSIS; CLINICAL MANIFESTATIONS AND HISTORY 
IN A Group or NINETEEN CHILDREN 


Age (at time of study) 
Under 12 months 12 
12 to 18 months 6 
67 months 1 
Eyes 
Fundi. Atrophic or degenerated areas without pigment but surrounded by zones 
of increased pigmentation, frequently described as ‘‘old, healed chorioreti- 
nitis,’’ situated in various parts of the fundus and often affecting the macula. 
Both eyes, 14; one eye only, 4; not stated, 1. 
Blind 4 
Microphthalmos 4 


Microcephaly 8 
Macrohydrocephaly 4 
Convulsions 11 (since birth or first appearance at 2, 3, 5, 
7, or 11 months of age). 
Psychomotor retardation 10 definite; 3 slight or questionable; others 
unknown. 
Cerebrospinal Fluid In 3 of 8 studied protein increased up to 90 
mg. per cent. 
Other Congenital Defects 
Definite 
1. Cleft palate; multiple hemivertebrae 
2. Deformed right ear 
3. Talipes equino-varus, bilateral 
4. Mongoloid features in Negro child 
5. Pigeonbreasted 
Questionable 1 Cardiae type? 
None 13 


History of Siblings 
Of 12 families studied, patient first born in 7; preceding children in other 5 families 
all normal, and 1 succeeding child also normal. 


History of Mothers During Pregnancy 
Infectious Disease 0/15 
Exposture to X-Ray None in 11 and single exposures for diagnosis 
in 2 of 13 studied. 


Prolonged or difficult labor 2/13 
Premature birth Only 1 of 13 definite; at 6 months associated 
with hemorrhage. 
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cannot be eliminated in these eases, these observations, nevertheless, suggest that 
a variety of factors may prove to be responsible for nontoxoplasmie chorio- 
retinopathy in infancy. 


Fig. 3.—Patient No. 3, Table III. Photograph reproduced F eee courtesy of Dr. T. E. D. 
Beavan of Chester, England 


Fig. 4.—Patient No. 7, Table LI. Photographed at 12 months of age, shortly before death. 
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SUMMARY 


The new, quantitative, in vitro, toxoplasma dye and complement fixation 
tests give a certainty to the diagnosis of congenital toxoplasmosis that was not 
possible hitherto. By means of these tests it was found that chorioretinopathy 
associated with other evidence of ocular and cerebral damage or defects and not 
due to toxoplasmosis, is not infrequently encountered in infancy and early child- 
hood. When infantile chorioretinopathy was associated with positive, quanti- 
tatively significant serologic tests for toxoplasmosis, the incidence of grossly per- 
ceptible cerebral calcification in roentgenograms of the skull was approximately 
90 per cent of 23 cases, while in a group of twenty children with chorio- 
retinopathy and negative serologic tests for toxoplasmosis the incidence of cere- 
bral calcification was only 5 per cent. Although the syndrome of infantile chorio- 
retinopathy, without associated cerebral calcification or evidence of toxoplasmic 
infection will probably prove to have a multiple etiology the available data sug- 
gest defective development rather than destructive, necrotic lesions as the more 
probable pathologie basis. Attention is also called to the existence in infancy 
of a syndrome characterized by extensive destruction of brain tissue with hydro- 
cephalus, diffuse cerebral calcification, and chorioretinopathy, associated with 
bizarre, ‘‘degenerative’’ changes in the small blood vessels which can be dis- 
tinguished from that of congenital toxoplasmosis only by serologic tests or patho- 
logic examination. The serologic elucidation of the diagnosis, in the individual 
ease, is of particular importance with regard to the outlook for subsequent chil- 
dren, since the accumulated data indicate that normal subsequent children have 
been born in all instances in which the diagnosis of congenital toxoplasmosis 
could be made with certainty either on pathologic or quantitative serologic 
grounds. 
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THE DEVELOPMENTAL ASPECT OF CHILD VISION 


ARNOLD GeseLL, M.D. 
New Haven, Conn. 


HE development of vision in infaney and childhood is very compiex, for 

the simple reason that it took countless ages of evolution to bring human 
vision to its present advanced state. Visual perception ranks with speech as a 
distinctive human trait and it passes through comparable growth stages. More- 
over, vision is not a separate, isolated function ; it is profoundly integrated with 
the total action system of the child—his posture, his manual skills and motor 
sets, intelligence, and even personality make-up. Indeed, vision is so intimately 
identified with the whole child that we cannot understand its economy or its 
hygiene without investigating the whole child. 

Under a program of cooperative research at the Yale Clinie of Child 
Development, we have made periodie studies of the normal visual functions in 
their relation to the total action system of the child at a score of advancing age 
levels from early infancy to the tenth year.* In general, about fifty children 
were investigated at each age. The data were gathered through clinical exami- 
nations of behavior patterns; naturalistic observations of spontaneous behavior 
at home, school, and guidance nursery; graded tests of visual skills; optometric 
measurements; and retinoscopie determinations of the brightness, the motion, 
the direction, speed, and color of the retinal reflex in the natural reactive eye. 
All the findings were analyzed and compared from age to age and from child 
to child to define growth trends. 


THE EMBRYOLOGY OF VISUAL BEHAVIOR 


Studies of viable premature infants yielded data concerning the fetal stages 
of visual development. This development is very precocious. Vision has a 
motor basis. The eyes of the fetus move beneath their fused lids as early as 
the twelfth week after conception. For over six months prior to birth the eyes, 
although in darkness, move with increasing coordination to meet the demands 
that will be made upon them when subjected to light. Two months before birth 
the retina assumes an adult arrangement. Four lunar months before birth the 
fovea forms and establishes itself definitively at the final adult distance from 
the optie nerve head. This remarkable fact certifies to the profound importance 
of vision in the organization of human behavior. The eye itself will more than 
double its weight before birth. The brain will increase three and one-half times 
from birth to maturity, and the body twenty-one times. Nevertheless, the dis- 
tance between fovea and nerve head remains an absolute, a fixed pivotal area 
in all the ensuing morphogenesis of the action system. 


Presented at the Fifty-Ninth Annual Meeting of the American Pediatric Society, Atlant'c 
City, N. J.. May 5 and 6, 1949. 

*The results of this investigation are reported in a volume now in press: Gesell. A., Ile. 
F., and Bullis, G. E. (assisted by V. lg and G. N. Getman): Vision: Its Development in 
Infant and Child, New York, 1949, P. B. Hoeber, Inc., Medical Book Department of Harper & 
Brothers. The investigation received generous support from the Bureau of Visual Science of 
American Optical Company. 
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A healthy fetal-infant, born about eight weeks prematurely, exhibits two 
behavior patterns highly significant in the development of vision. He assumes 
a tonie-neck-reflex posture with the head averted to one side, the arm at that 
side extended, the opposite arm flexed at the shoulder, simulating a fencing 
attitude. His early ocular fixations will be channelized in the direction of this 
attitude. He does not give true regard to a dangling four-inch ring slowly 
moved across the field of vision, but the eves move saceadically in momentary 
after-pursuit. 

The visual competence of the full-term newborn infant exceeds that of the 
premature, indicating that intrinsic maturation is more basic than experience 
in the patterning of visual behavior. Incipient fixation of a near, approaching 
object is observable in the first day of life; sustained fixation of a near object 
oceurs in the first week; fixation of more distant objects occurs at the end of 
the first month. When the neonate fixates an object of interest, his sporadic 
bodily activities tend to subside. The fixational response clearly involves the 
entire action system to some degree. The scope and complexity of his vision 
are delimited by the postural attitudes of eyes, head, body, limbs. With increas- 
ing maturity the visual system assumes more autonomy, but it never operates 
altogether independently of the total action system. 

The eyes, however, take the lead in the conquest and manipulation of space. 
The baby takes hold of the physical world ocularly long before he grasps it 
manually. He ean pick up a pellet (7 mm. in diameter) with his eyes full 
twenty weeks before he picks it up with his fingers. 

Although an infant stares vaguely into faraway space, his structured visual 
world begins in the near vicinity of his eyes. For him the space-world is not 
a fixed, static absolute. It is a plastie domain, which he manipulates in terms 
of the nascent powers of his growing action system. The supine infant, the 
runabout infant, the sedentary school child, each has his own space-world with 
a distinctive set of planes of regard. Biological space is a function of the 
organism. The space-world of the myope differs from that of the hyperope. 
Every child organizes his space-world in obedience to laws of development, 
general for the species and unique for himself. 


FUNCTIONAL COMPLEX OF THE VISUAL SYSTEM 


This organizational process operates in three basie functional fields: skeletal, 
visceral, and cortical. These fields are correlated with the three primary embry- 
ologieal divisions and with the conventional fixation-focus-fusion triad. The 
skeletal component of this functional complex seeks and holds a visual image 
(optical stimulus) ; the visceral component discriminates and defines the image; 
the cortical unifies and interprets it. 

The three functional fields develop conjointly but by no means uniformly. 
The ratio between skeletal, visceral, and cortical manifestations varies with 
advancing stages of maturity. In the course of individual development, gradi- 
ents of performance are built up concurrently but unevenly in the three basic 
functional fields. Four factors enter into these gradients: (1) coordination, 
which refers to the teaming of the eyes and right versus left dominances; (2) 
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reach, which refers to the distance and precedence of the planes of regard; (3) 
scope, which concerns the important relationships between central and peripheral 
vision; (4) drift, which denotes the growth trends signified by the break and 
recovery span of ocular ductions, the preferred zones of regard, and accom- 
modation and dominant directionalities. 

All these variables and gradients are subject to the organizing processes 
of growth. Accordingly, each age of infancy and childhood affords a distinctive 
constellation of visual behavior patterns. With so many components and 
variants entering into the functional complex of the visual system, it is natural 
that no two children should see exactly alike. The possible constellations of 
visual components, normal, atypical, and abnormal, are beyond enumeration. 
The individual variations, however, are governed by a general ground plan of 
ontogenetic development. This ground plan is manifested in five distinguishable 
areas: eye-hand coordination, postural orientation, fixation, projection, and 
retinal response. Our studies, although preliminary, have demonstrated that 
it is possible to formulate developmental gradients in each of these areas. 

The adequacy of child vision cannot be appraised by a simple refractive 
eriterion of acuity. All vision is mediated by an intricate functional complex. 
The task is to interpret vision in terms of over-all achievement and to analyze 
that achievement in terms of the developmental status of the organism. 

- The retinoscope has revealed an intimate relationship between the functional 
complex of the visual system and the maturity of the total action system. The 
retinoseope projects a beam of light upon the reflecting surface of the retina. 
The examiner takes note of the returning light and finds that it varies signifi- 
eantly in relation to identifiable moments of the visual act. A comparison of 
the retinal reflex patterns at near and far shows that the infant is more fully 
organized for vision in the near point areas than at distance. An increase of 
brightness in the reflex occurs characteristically at the moment when the infant 
identifies a target. At that moment the eye and the brain appropriate the 
object of interest. Coincidentally, the reflex registers an against motion which, 
by streak retinoscope, indicates a minus refractive value but not necessarily a 
fixed myopie deviation. For this minus may increase or decrease with the 
stress of the task and at certain moments of adjustment may give way to a with 
motion which suggests a shift in the hyperopie or plus direction. Such varia- 
tions seem paradoxical, but if one thinks of the reaching eye as essentially a 
teleceptive prehensory organ, these patterns of response are understandable. 
The visual system gropes and grasps and manipulates. The infant manipulates 
toys, the preschool child models clay, the school child copes with the symbolic 
targets of a printed page; but the retinocortical manifestations for all three 

types of manipulation are comparable. 

The retinoseopie and associated findings indicate that the visual mechanism 
of the growing child is in a labile condition, dynamically and developmentally. 
Superimposed upon a basic delimiting refractive state is a margin of adapt- 
ability which is manifested in the brightness, motion, direction, color, and veloe- 
ity of the retinal reflex. Such a relationship between consolidated and plasti¢ 
strueture would seem to be a necessary condition of growth. 
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DEVELOPMENTAL MANIFESTATIONS 


We need broadened methods of observation of the young eye in action and 
also of the underlying growth factors. The concept of development adds a new 
dimension to all problems of visual care, to diagnosis, supervision, prevention, 
education, training, and re-education. This concept applies with equal force 
to the normal and to the visually disadvantaged child. With failure to recognize 
developmental mechanisms, the culture tends to make excessive visual demands 
on the young child in the form of premature reading and writing tasks. 

Both ophthalmology and optometry stem historically from the study of the 
mature adult eye. Many of the prevailing principles and procedures naturally 
reflect this adult orientation. It is increasingly evident that such an orientation 
introduces certain errors and shortcomings. We are confronted with the sober- 
ing realization that the child is never a miniature adult, even in his visual equip- 
ment. He is qualitatively a different organism and he is always changing 
qualitatively at a more rapid rate than the adult. This is peculiarly true of 
his visual system. 

It should not be necessary to wait until belated adolescent and adult years 
to determine the efficiency of his visual functions. With increased knowledge 
the developmental status of these functions can be appraised and supervised 
throughout the period of infaney and childhood. In this sense the develop- 
mental aspect of child vision has implications for preventive and supervisory 
pediatries. 

Even on the basis of present information, it is possible to distinguish visual 
behavior traits which are characteristic of certain maturity levels. We may 
illustrate this by considering various deviations of visual behavior which appear 
at three different age periods, namely: infancy, the preschool years, and the 
school years. 

INFANCY 


Infants reveal their visual individualities in ocular and other postural atti- 
tudes and demeanors. Virtually all infants repeatedly assume, in one form or 
another, the tonic-neck-reflex posture and the symmetro-tonic-reflex posture 
during the first_half-year of life.. These postures, both quiescent and active, 
constitute a morphogenetic matrix for the basic patterning of the coordinations, 
dominances, and functional correlations of eyes and hands, singly and in pairs. 

Excessive hand regard, if not due to retarded development, may signify a 
myopic trend. Excess manifests itself in the intensity and duration of episodes 
and in a marked continuation beyond the age of 12 weeks. One of our myopic 
subjects, now 6 years old, held the hand regard attitude so persistently and 
steadily in infancy that he acquired the nickname ‘‘Statue of Liberty.’’ Delayed 
hand regard is a symptom of retardation, but it may also be associated with 
normal intelligence and atypical spatial manipulation. 

Another deviation consists in a poorly defined postural orientation, a neutral 
tendeney to assume somewhat indifferently either a right or a left tonic-neck- 
reflex. Ordinarily, there is a defined preference for right or left. which must 
have correlations with ocular and manual dominance, and with the organization 
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of the functional asymmetry of the total action system. Little is known about 
the nature of these correlations, but we may be sure that they have predictive 
import for later visual patterns. The whole subject needs extensive investiga- 
tion, because it has significance for preventive hygiene. 

Complicating clinical factors, however, must not be overlooked. Minimal 
cerebral injuries are more common than is ordinarily supposed, and they account 
for certain persisting as well as temporary visual deficits. In some instances 
there are associated personality deviations occasioned by the visual defect or 
traceable to a damage of the cortical mechanisms concerned with emotional 
organization. 

Strabismus is a common symptom of minimal injury. It frequently under- 
goes spontaneous resolution. It may also be combined with oculomotor incoordi- 
nation and atypical eye-hand patterns in which arms and fingers assume eccen- 
trie postures. This leads to bizarre patterns of exploitive behavior. The infant, 
for example, may poke and twiddle a cube in a restricted, perseverating manner. 
Atypical motor patterns may persist for three years or more. These mild neu- 
rological difficulties may set up an extremely complicated interaction of de- 
velopmental potentialities and dynamic forces. The mild motor disabilities may 
be associated with speech defects, with imperfect manual dominance, and with 
delayed integration. Such syndromes lie at the basis of certain school entrance 
problems and eases of reading disability. Vision is involved, but the total 
behavior equipment of the child demands searching individual study. For these 
reasons, eye specialists and educators must reckon with the clinical category of 
minimal cerebral injury, and must be alert to its developmental manifestations. 
The early symptoms of minimal cerebral injury are often overlooked. They 
do not yield to the ordinary methods of clinical neurology, but they can be 
elicited by a systematic developmental examination of infant behavior patterns. 


PRESCHOOL YEARS 


Visual difficulties come to somewhat franker expression in the preschool 
years. The child begins to leave the confines of the home and is thereby brought 
into more frequent comparison with his peers. If he has serious ineptitudes, 
he reveals them in his play activities, in postural demeanors, in his adjustments 
to a nursery school group, in his use of cup and spoon, of crayon and paints, 
and in his response to picture books. He may show a moderate amount of 
staring (or perhaps too little). He may show forms of caution, fear, and with- 
drawal which may denote visual, rather than purely emotional, factors. Indeed, 
ever ‘tis atypical personal-social relations with his companions may have a 
visual basis in faulty space manipulation. 

On the basis of everyday patterns, a discerning teacher may detect evidences, 
more or less predictive, of potential reading disabilities—specific weaknesses in 
drawing and in form perception; ill-defined handedness; reduced acuity; atyp- 
ical directionalities in movement patterns, and so on. When the norms of visual 
behavior are more widely known by parents and teachers, it will be possible to 
use naturalistic observations of spontaneous behavior for the benefit of children 
who need early guidance in solving their visual problems. Such observations 
should both precede and supplement formal visual skill tests. They become 
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doubly important, under professional guidance, for appraising the responses 
of the child to lens assistance and to special visual training procedures. Natur- 
alistie observation of the spontaneous child is at times more valuable than tech- 
nical observation, because it brings into view the total child and his unitary 
action system. 

In considering the visual economy of a young child, one does not think 
only in terms of refraction and fusion. One considers the over-all organization 
of his visual equipment, and asks whether he has the ability to meet the normal 
visual tasks demanded by the culture. A developmental approach to his problem 
puts us in a better position to give him the developmental support which will 
benefit him more than a full refractive correction would. Indeed, in some 
instances, a full correction given too early and insisted upon too long may create 
a crutch which, in turn, becomes an impediment. The growing visual equipment 
then organizes about the full-strength lens, whereas a more natural and ad- 
vantageous organization could have taken place with the aid of lenses of lesser 
strength, carefully timed to put the organism on its own best resources. The 
same principle applies to training procedures and to the planning of eye-care 
regimes. Wise timing in small, well-spaced sessions, with interested motivation, 
is more efficacious than an overstrenuous practice-makes-perfect program. In 
all programs of visual care it is important to appraise the kind and degree of 
acceptance manifested by the child. 

The causative factors underlying strabismus are so diversified that general- 
ized discussion is almost impossible. There are two major types of strabismus, 
one predominantly visceral, the other predominantly skeletal. Symptoms and 
premonitions are prone to occur during transitional stages of readjustment in 
equilibrium—for example, at 21 to 24 months. At these stages, the organism 
is more loosely organized in order to give play to counterpoised opposites. The 
looseness or morphogenetic flux characterizes the action system as a whole and 
more or less evenly paired body members and paired functions, such as flexors 
versus extensors, abduction versus adduction, and so on. Accordingly, a liability 
to strabismus may declare itself in frank eye discoordination or, more indirectly, 
in faulty motor demeanors and awkwardness. A clumsy hand, a foot drag, or 
a postural slump on the ‘‘weak side’’ may come into evidence in a 244-year-old 
child as a precursor of a manifest strabismus a year or two later. Such a pre- 
squinter, if accurately identified, on developmental premises would be ap- 
proached orthopedically first, and orthoptically later, with due consideration 
as to whether the condition is primarily skeletal or visceral in character. 


SCHOOL YEARS 


The culture is not too aware of the school beginner’s difficulties and poten- 
tialities. Rightly construed, many of his difficulties are actually symptoms of 
potentialities—new abilities in the making. Lacking finesse, it deals with him 
en masse, and tends. to use rigid and undiscriminating procedures. If he is 
unfortunate enough to enter a strictly regimented school, his teacher frowns 
upon him even if he drops a pencil. Now, he is very likely to drop a pencil, 
because his patterns of visual behavior are not adequate to all the demands 
which are made upon his seeing and interpreting equipment. 
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All too soon, he encounters difficulties which are due to the discrepancy of 
the culture and his own immature visual and manual structures. He may have 
trouble in adapting to the blackboard, and in making adjustments from far to 
near and near to far. The culture, as embodied by the schoolroom, may make 
unreasonable demands upon sustained attention at a stage of development when 

‘he is geared to brief and multiple adjustments that require a shifting, flexible 
activity program. If he began to identify letters and numerals at the age of 
21% years, he is not likely to experience undue difficulty in responding to read- 
ing instruction, whatever method may be used. However, many children are 
in a phase of development, or they present individual maturity traits which 
make it difficult or impossible for them to profit from the prevailing method of 
instruction. A sizeable fraction of these children in a year or two are classified 
as poor readers, nonreaders, and slow readers. Broadly speaking, the difficulties 
of these academically disadvantaged children are due to a rather clumsy dis- 
parity between the educational environment of the school and the organisms 
which are in attendance. 

All children, after the age of 5 years, undergo fundamental and more or 
less striking reorganizations in their visual equipment. They acquire new 
abilities, but not always in balanced or well-timed relationships. Often new 
trends become observable by the age of 5% years. Appraisal at 6 years may 
show a developmental direction in the nature of the interaction of the visceral 
and skeletal functions. At 7 years, there may be frank evidence of such direc- 
tional trends. Typically the visceral-skeletal linkage is relatively tight at the 
age of 7 years. By 8 years, this tightness gives way to a looser and more facile 
interplay. By 9 years, the looseness is being superseded, in turn, by a more 
robust consolidation of the visceral-Skeletal components. 

It is difficult, with our present meager knowledge, and on the basis of a 
single visual appraisal at 5 years, to predict the probable course of development 
in the years from 5 to 10: but systematic examination and supervision of the 
visual functions in the preschool years will serve to identify children who present 
potential difficulties in book learning and other school tasks. 

This possibility, however, should not blind us to the fact that the culture 
is making unreasonable demands upon many young children. The demands 
overburden the limited powers of spatial manipulation and, in many instances, 
rearrangement and amelioration of the cultural demands would be a more basic 
solution than a therapeutic approach to the visual handicap. In a flexible edu- 
cational system, both lines of approach may be conjointly utilized; the one 
directed toward the environment, the other toward the organism. 

The pediatrician, therefore, may well have an interest in the developmental 
aspect of child vision. He is in a position to recognize behavior patterns which 
are symptomatic of visual difficulties and which may be serious enough to require 
specifie guidance or referral to a specialist. 

Child eare involves eye care, and eye care involves child care. Develop- 
mental opties in theory and in application is concerned with the development 
and organization of visual functions in their dynamic relation to the total aetion - 
system. 


REVASCULARIZATION OF THE BRAIN THROUGH ESTABLISHMENT 
OF A CERVICAL ARTERIOVENOUS FISTULA 


EFrFrects IN CHILDREN WitH MentAL RETARDATION AND CONVULSIVE DISORDERS 


8. Beck, M.D., Caartes F. McKHann, M.D., 
W. Dean Betnap, M.D. 
CLEVELAND, OHIO 


ENTAL retardation, convulsive disorders, and sensory-motor impairment 

are among the most common of pediatric problems. The gliosis eharacter- 

istie of these conditions has been found to interfere with blood supply to cere- 
bral tissue. 

We have attempted correction of the deficiency in circulation by production 
of an anastomosis between the common carotid artery and the internal jugular 
vein, resulting in a redistribution and increase of blood flow to the brain. This 
ean be performed with reasonable safety to the patient. Results given herein 
indicate that re-establishment of blood supply to parts of the brain by arterioli- 
zation of the venous system is a rational surgical procedure. Production of an 
arteriovenous fistula for therapeutic purposes has been performed experimentally 
in animals, and arteriolization of the venous system has been found to be of 
benefit in vascular diseases of human extremities. We believe, however, that this 
report is the first dealing with the therapeutic benefit of arteriovenous anastomo- 
sis in organic brain disease. Surgery is not difficult and involves only the pro- 
duction of a small fistula between the common carotid artery and the internal 
jugular vein is tied off and cut so as to prevent arterial blood from returning 
directly to the heart. Arterial blood thus traverses both the vein and the artery. 


BLOOD SUPPLY OF THE BRAIN 


Cobb’ has shown that the venous system, as well as the arterial supply of 
the brain, anastomoses extensively. He has stated that end arteries do not exist 
in the brain and that all parts of the brain are connected by an interecommuni- 
eating network of vessels. Therefore, arterial blood under arterial pressure in 
the venous system would result in a redistribution of blood flow. 

Venous return from the brain is known to be asymmetrical. Although the 
sinuses of the brain have several communications, there is a definite pathway of 
blood from each sinus to reach one of the internal jugular veins. The superior 
sagittal sinus commences at the foramen caecum, courses back in the midline just 
beneath the skull to the internal occipital protuberance. Here it deviates sharply 
to the right and continues as the corresponding transverse sinus and eventually 


From the Department of Surgery and the Department of Pediatrics, Western Reserve 
University School of Medicine and Babies and Children's Hospital of Cleveland. 

Presented at the Fifty-Ninth Annual Meeting of the American Pediatric Society, Atlantic 
City, N. J., May 6, 1949. 
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becomes the right internal jugular vein. The inferior sagittal sinus runs through 
the center of the brain to the left transverse sinus and finally the left internal 
jugular vein. Essentially, blood destined to reach the right jugular vein drains 
the cerebral cortex and that reaching the left jugular comes from the deeper 
portions and cerebellum. Most of the drainage follows the above pattern, but 
Bailey? has demonstrated an appreciable anastomosis between superficial and 
deep venous systems. His findings have been confirmed by our work. We in- 
jected a tracer substance into the right and left internal jugular veins and into 
the common carotid arteries. Under arterial pressure, the colored mixture 
injected into the right jugular vein filled the superior sagittal sinus and all of 
its visible branches. Colored material was also noted to enter the deep circu- 
lation but not through the toreular Herophili. Operation upon the right side 
would contribute the majority of blood to the cortex and also significant amounts 
to the deep circulation. All of our operations have, as a result, been performed 
on the right side. Fig. 1 illustrates the venous tributaries of the superior sagit- 
tal sinus that would fill with arterial blood postoperatively. 


Fig. 1.—Venous tributaries of the superior sagittal sinus that filled with the tracer dye 
following injection of the right internal jugular vein. (Courtesy, The Macmillan Company, 
An Atlas of Human Anatomy, page 690, Fig. 1085.) 
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PHYSIOLOGY OF ARTERIOVENOUS ANASTOMOSES 


Arteriovenous fistulas present the theoretical problem of pathologic stress 
on the cardiovascular system. Cardiae hypertrophy results from large shunts 
of blood entering the venous system and right side of the heart under increased 
pressure. Such a condition does not exist as a result of this operation because 
the internal jugular vein proximal to the anastomosis is tied off. Bernheim,* * 
after performing such an operation in the extremities, has found no cardiac 
complications to result in several cases, some followed as long as eighteen years. 

Pulsating exophthalmos would appear to be a possible complication of 
earotid-jugular anastomosis. The clinical entity has been accurately described 
by Martin and Mabon® in a summary of all previously reported cases. In the 
majority of these cases the internal carotid artery had ruptured directly into the 
cavernous sinus. Exuded blood at that point flows rapidly away through venous 
channels. Exophthalmos is caused by blood under arterial pressure within the 
cavernous sinus. No such pulsation followed our operation in any of eleven 
patients. Arterial blood reaching the cavernous sinus will be under such low 
pressure that the occurrence of this complication is not likely. 

The experience of Sciaroni® in performing a complete reversal of cerebral 
circulation in man has demonstrated a freedom from such complications due to 
the presence of arterial blood in the venous system. Venous channels carrying 
blood under arterial pressure tend to hypertrophy, as shown by Wolff.’ Danger 
of spontaneous rupture of veins should, therefore, be minimal. Such has also 
been the experience of Beck® in surgery performed on the coronary veins. Two 
eases of congenital arteriovenous fistula between the common carotid artery and 
the internal jugular vein were reported by Ward and Horton.’ Both children, 
aged 5 years and 14 years, demonstrated no cerebral abnormality. 

Effects on Tissues—Shenkin and associates’® state that blood flow to the 
head or extremity distal to an arteriovenous fistula is markedly increased and 
may be as much as two or three times normal. In their review of forty-two 
pediatric cases with congenital or post-traumatic A-V fistulas of the head or 
extremities, Ward and Horton® reported the following generalizations. The 
involved part distal to the fistula was larger, longer, or warmer than the com- 
parable uninvolved part. We believe the same hypernutrition, due to increased 
blood supply, would result from our operation. 


CEREBRAL VASCULAR CONTROL 

Cerebral blood flow under normal conditions is maintained through three 
basic mechanisms. Wolff and Lennox" have shown that decreased oxygen and 
inereased carbon-dioxide tensions in the blood stream give rise to increased 
cerebral blood flow. The mechanisms are through the carotid body as well as by 
a direct humoral action on the arterioles themselves. Bouchaert and Heymans'™ 
state that increased flow will result from decreased arterial pressure at the site 
of the carotid body. As a result of the division of the arterial supply following 
surgery, the blood pressure at the carotid body drops as much as 20 to 30 mm. 
mereury. Partial increase in flow may result from this mechanism. The major 
inerease in flow has been shown by Wolff* to come as a result of inereased pres- 
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sure within the veins. In the redistribution of blood supply, dilatation may 
result from the direct action of earbon dioxide on the arterial side of the 
eapillary. 

PATHOLOGY OF CEREBRAL INJURY 


Much work has been done to demonstrate the histopathology of brain injury. 
Brain injury caused by mechanical trauma, anoxia, hemorrhage, and vascular 
ocelusion are all characterized pathologically by decreased blood flow and glial 
tissue proliferation. The clinical results are mental deficiency, convulsive dis- 
orders, and sensory-motor impairment. 

Searring occurs in any area of the brain which has been injured and in 
which sufficient blood supply has been maintained to allow for glial replacement. 
The neurons may be completely destroyed, may gradually die, or may continue 
to live in an obviously abnormal state due to insufficient nutrition. They do 
not multiply or hypertrophy. 

Penfield and Erickson’* have most clearly shown the long-range sequence 
of cicatrization. Astrocytes and microglial cells normally limit themselves to 
the area immediately surrounding small blood vessels. Following injury the 
glial cells invade the area, microglial cells phagocytizing the dead tissue and the 
astrocytes replacing the same. Within the center of the scarred area there are 
no functioning neurons. There is no definite border to the zone of scarring. In 
the outer portions of the cicatrix viable neurons may be seen. Small blood ves- 
sels are abnormally few in number in this transition zone between normal and 
sear tissue, even though the larger vessels may be plentiful. The cerebral tissue 
in this area is not destroyed but is,subjected to unfavorable circumstances with 
improper nourishment. Over a period of months and years the astrocytes in- 
crease in size and number with a resulting increase in the area of the sear. This 
is due to slow destruction of the sear. Penfield and Erickson" state, ‘‘If a 
selective blood vessel stain be carried out on tissue from the central portion of 
an old sear, it is found that although vascular trunks stain, there is an almost 
complete lack of capillaries. If the normal gray matter be similarly studied, the 
capillary plexus is found to be very rich. The tissue from the intermediate zone 
of the gray matter contains numerous vessel trunks but is quite deficient in 
capillary bed, almost as deficient as the aganglionic core of the sear. This inter- 
mediate zone between brain and sear is the zone in which is found evidence of 
slowly progressive destruction.’’ The signs of actively proliferating glial cells 
indicate an ischemic condition which may damage, irritate, and eventually de- 
stroy the ganglion cells of the area. 

In addition to the decreased vascularity of the sear tissue, the glial cells 
themselves may serve as a barrier to adequate cellular nutrition. This has 
been established by the recent work of Manery™ on the controversial subject 
of blood-brain-barrier. Brain tissue does not allow the free diffusion of non- 
gaseous substances characteristic of most other body tissues. For example, Man- 
nery has shown that brain requires five or more hours to reach equilibrium with 
injected blood sodium. Other tissues require less than one hour for such equil- © 
libration. She has attributed this to the glial sheath that normally surrounds 
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cerebral vessels as well as to the normal glial framework of the brain itself. The 
glial tissue serves as a ‘‘protective barrier’’ and retards the diffusion of non- 
gaseous material. One would, therefore, expect increased resistance to diffusion 
in the presence of increased glial tissue. 


VIABILITY AND FUNCTION OF NERVE TISSUE 


The existence of viable but nonfunctioning neurons is suggested by the 
above findings of Penfield and Erickson. The fact that such a condition may 
exist has other experimental as well as clinical support. It is a common occur- 
rence to see widespread involvement of the cerebrum following a cerebrovascular 
accident. After a period of weeks and months function may once again return 
to paralyzed parts. Severe hypertension, hypoglycemia, acidosis, depressing 
drugs may produce temporary as well as permanent loss of cell function. Loss 
of function for a long period of time may be followed by a partial or complete 
return to normal. 

Adrian and Bronk’ have shown that peripheral as well as spinal nerve 
preparations can survive for long periods of time on a subnormal supply of 
oxygen and glucose. Survival is accomplished through the anaerobic lactic acid 
metabolism of central as well as peripheral neurons. Erlanger and associates*® 
have demonstrated that maximal stimulation may or may not cause such a fiber 
to discharge. For varying periods of time complete reversal is possible. Him- 
wich," in working with brain slices, has shown their ability to function anaero- 
bieally through the mechanism of lactic acid metabolism. Aerobie and anaerobic 
metabolism is reversible for long periods of time at suboptimal blood levels. 
Under clinical conditions of acute as well as chronic cerebral anoxia, Proger** 
has found almost immediate return or improvement of function with the ad- 
ministration of Cytochrome C. 


REVASCULARIZATION OF THE BRAIN 


Revascularization of cardiac muscle by introduction of arterial blood directly 
into the venous system has been accomplished by one of us (Beck).* Improve- 
ment of blood supply has been demonstrated clinically and by histologic section. 
Such findings serve as a rational basis for seeking improvement of cerebral blood 
flow by arterialization of the internal jugular vein. 

Patients chosen for this operation have been those with types of organic 
brain injury which may ordinarily result in gliosis. In general, this includes 
patients showing mental retardation on an anoxie cr arteriosclerotic basis. 
Patients with convulsive disorders on an organic basis have been selected, with 
and without mental retardation. Brain injury as a result of vascular occlusion 
or hemorrhage may also serve as an indication. 

Operative Procedure.—A right-sided arteriovenous fistula between the com- 
mon carotid artery and the internal jugular vein has been produced. The 
approach was through a transverse incision over the right side of the neck, 
about 2.0 em. above the clavicle. The sternocleidomastoid muscle was cut and 
the internal jugular vein and the common carotid artery were dissected free for 
a distance of 4.0 em. The jugular vein was ligated with three ligatures inferiorly 
and cut. It was temporarily ligated above, as was also the carotid ligated above 
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and below, allowing sufficient room to make the fistula. An opening of 4 to 5 
mm. was made in both the artery and the vein. Consideration was taken, in 
forming the fistula, not to create too large or too small a defect which might 
have resulted respectively in heart failure or thrombosis. An over-and-over 
suture was used, a new suture being started at each end. The three temporary 
occluding sutures were then removed. Temporary leaking of blood was then 
stopped. The vein was noted to be red with arterial blood, and pulsation was 
observed in the artery distal] to the fistula. Before the anastomosis was made, 
all branches of the jugular vein below the base of the skull were ligated. The 
sternocleidomastoid muscle was sutured together, and the platysma was closed, 
as was the skin. 


Internal 
jugular 
vein 


Fig. 2.—Tilustration of operation. 


The literature reports only one other operation performed with similar 
intent. Four patients, operated upon by Sciaroni,’ were subjected to a complete 
reversal of cerebral circulation on one or both sides of the neck. This was ac- 
complished by anastomosing the cardiae part of the common carotid artery to- 
the cephalic part of the internal jugular vein. Venous return is effected by 
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anastomosis of the cephalic part of the common carotid to the cardiac part of 
the internal jugular vein. 

Three patients with hypertensive or arteriosclerotic cardiovascular disease 
resulting in cerebral pathology all den.onstrated benefit by his complete reversal. 
The fourth patient, a post-traumatic epileptic, showed marked postoperative 
improvement. Although his operation undoubtedly results in some increase of 
cerebral blood flow, the resulting artificial] shunt of arterial blood down the 
internal carotid artery from the Circle of Willis may result in loss to cerebral 
tissue of as much as one fourth of the blood in the Cirele. 

Eleven patients have been subjected to our procedure. Ten were children, 
ranging in age from 11 months to 14 years, and had mental retardation with 
or without a convulsive disorder. The eleventh was a 38-year-old adult with 
mental deterioration and a left hemiplegia. 

The preoperative workup consisted of a complete neurologie examination 
including lumbar puncture. An electroencephalogram and pneumoencephalo- 
gram were done as both diagnostic procedures and reference points for post- 
operative studies. A psychometric examination was done, including the revised 
Stanford-Binet I.Q. test for children older than three years, Parts I, II, and ITI, 
depending on the age of the child. Development of children below three years 
was evaluated by the methods of Gesell.’® 

A rough quantitative test. for measurement of cerebral blood flow has been 
devised. The individual, serving preoperatively as his own control, allows for 
a fairly accurate index of change in flow pre- and postoperatively. The prin- 
ciple of the test is based upon the time rate of uptake of a radioactive substance 
by the vascular tree of the brain. Following the rapid antecubital injection of 
2.5 millieurries per kilo of radioactive protein-bound iodine, a well-shielded 
Geiger counter measures the increasing count over one-half of the skull. A 
steadily rising curve is plotted by a continuous graph-recording galvanometer 
attachment to the Geiger counter. Lugol’s solution is given at least a day 
before each test so as to fill the thyroid gland with iodine. Although the radio- 
active iodine has a half life of only eight days, administration of Lugol’s solution 
prevents radiation of the thyroid. The procedure has been standardized against 
the nitrous oxide method for determining cerebral blood flow of Kety and 
Sehmidt.2° Therefore, an integral formula may bé derived to give a rough 
quantitative measure of cerebral blood flow. The final formula is simple, but 
its derivation is beyond the scope of this paper and is the subject of a con- 
temporary publication. 

Values obtained from the test are comparable but are not exact indices of 
cerebral blood flow. The results serve as numerical indices for all patients sub- 
jected to the procedure. A typical set of pre- and postoperative curves are seen 
in Fig. 3 and apply to the third patient subjected to surgery. 

Samples of arterial and internal jugular blood were drawn before surgery. 
Oxygen saturations were determined and the arteriovenous oxygen difference 
of the brain computed. Results obtained from ten of the patients receiving 
surgery are compared in Table I with results from ten children serving as con- 
trols. The latter were of normal intelligence and free of convulsive disorders. 
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Arterial blood was obtained from the femoral artery in the majority of cases 
and from the carotid artery in several of the younger patients at the time of 
surgery. Venous samples were always obtained before surgery. Arterial satura- 
tion has been found to change only slightly, if at all, during anesthesia if oxy- 
genation of the blood is kept constant. Venous saturation will, however, vary 
markedly during anesthesia. 

A significant difference was found to exist between the two groups. The 
over-all average of the controls was a difference of 6.1 vols. per cent, while that 


CEREBRAL BLOOD FLOW - case IT 


3.3 § 


MINUTES 
Fig. 3.—Preoperative and postoperative cerebral blood flow curves are plotted by a 


graph pecording attachment to a Geiger counter. Note the marked increase in flow repre- 
sented by the postoperative curve. 
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of the operated group was 7.1 vols. per cent. Lennox*' found an (A-V) 0, 
difference of 6.5 vols. per cent to be nearly constant for patients of all age 
groups. Kety and Schmidt give the figure of 6.3 vols. per cent for the average 
normal difference of their series of adults. Results chemically confirm the histo- 
pathological findings of Penfield and Erickson."* Viable cells in the presence 
of inadequate blood supply appear to consume more of the available oxygen 
than do cells under normal circumstances. These results serve as an additive 
indication for studying the effects of this operative procedure. 


Fig. 4.—Skull films on Patient 1 taken before and two months after operation. The 
figure on the right demonstrates opening of the sagittal and lambdoidal sutures compared 
with the closed state of the sutures on the left film. 


CASE REPORTS 


Case 1.—N. N., a 23-month-old white female infant, was first seen at 13 
months of age. She was the product of a normal, full-term pregnancy, normal 
labor and delivery, but weighed only 4.75 pounds at birth. The baby was stated 
to have been 20.5 inches long, but very thin. No instruments were used. The 
umbilieal cord was said to have been abnormal, but a description of the cord and 
placenta could not be obtained. There was no cyanosis or jaundice in the neo- 
natal period. She took feedings poorly and vomited frequently. Crying was 
infrequent and parents state that she was a ‘‘very good baby.’’ At 5 months 
of age the parents were convinced of the infant’s retardation. In the first year 
of life she did not sit up, did not reach for objects, was not interested in toys, 
did not follow objects, and occasionally developed crossing of her eyes. 

Physical examination at 13 months of age demonstrated her abilities, de- 
velopmentally, to do everything on a 3-month level and some things on a 4-month 
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level but nothing on a 5-month level. The anterior fontanel was closed and, 
according to the parents, had been so for some time. The head measured 42.5 
em., while the chest measured 47.5 em. There was an internal strabismus of 
the left eye. 

She was admitted to Babies and Children’s Hospital on November 9, 1948, 
at the age of 19 months. Improvement in development was noted to a 5-month 
level. X-rays of the skull at 13 and 19 months showed premature closure of 
all sutures. Pneumoencephalograms showed moderate cortical atrophy and 
hydrocephalus ex-vacuo. 

On Nov. 12, 1948, a right-sided A-V fistula was produced between the com- 
mon carotid artery and the internal jugular vein. 

After surgery, cyanosis of the right side of the face and the right retina 
was noted. This cleared in twelve hours. The spinal fluid pressure rose to 375, 
but fell to 150 by discharge on the ninth postoperative day. The blood pressure 
fell to 80/60 after operation, but returned to 90/65 by discharge. No change 
in pulse rate was noted. 

The patient was seen two months postoperatively, at which time head size 
had inereased to 45 em. and the cranial sutures had reopened. A comparison of 
the pre- and postoperative films is seen in Fig. 4. Developmentally she could 
perform on a 7-month level. « For the first time she was sitting without support 
and drinking from a cup. Interest in toys was also on a 7-month level. Exami- 
nation five months after operation revealed even further improvement. The 
strabismus was no longer evident and play was active. A chest film revealed no 
change in size or shape of the cardiac pattern. 


Case 2.—R. J., a 38-year-old white man, was admitted to Crile Veterans’ 
Hospital Jan. 4, 1949, with the following history. He was stated to have shown 


signs of mental deterioration and personality change three months before ad- 
mission. Characteristically of a cheerful nature, he became moody and irritable. 
An intermittent frontal headache was an additional complaint. Two weeks 
before entry, sudden onset of dizziness was noted and was followed by paralysis 
of the left side of the body. 

Physical examination revealed a middle-aged white man of average nutrition 
and build. Signs of mental deterioration were marked, speech was absent, and 
the entire left side of his body was paralyzed. The blood pressure was 160/90. 

Spinal fluid was normal. An arteriogram demonstrated a block of the right 
internal carotid artery at the second cervical vertebra. Pneumoencephalograms 
showed bilateral cortical atrophy, more marked over the parietal areas. <A right 
parietal foeus was evident by electroencephalography. 

A diagnosis of right internal carotid artery thrombosis was made. During 
the next month his neurological condition went progressively downhill. Cortical 
function was at a minimum. On Feb. 3, 1949, a right-sided arteriovenous anas- 
tomosis was performed between the carotid and the jugular vein. 

Four days after surgery his sensorium showed marked clearing and speech 
began to return. At the end of the first postoperative week he was able to move 
his left side because of partial return of motor function. At the end of three 
months he had regained most of his motor function, including speech. An elec- 
troencephalogram showed marked improvement, characterized by disappearance 
of most of the 3 to 4 per second, high-voltage, slow-wave dysrhythmia. The right 
parietal foeus was still present but less marked. 


Case 3.—L. C., a 4-year-old white male, presented an abnormal history dat- 
ing from birth. Labor was difficult, requiring incision of the cervix for com-. 
pletion. The neonatal period was complicated by cyanosis requiring oxygen. 
Development was retarded. He sat at the age of 8 months, stood with support 
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at one year, but did not walk until 19 months. Speech started at the age of 2.5 
years. From the age of 16 months he had been having generalized grand mal 
convulsions as frequently as 5 to 8 per day. To the time of admission, these had 
not been controlled by adequate doses of phenobarbital, ‘‘dilantin,’’ or ‘‘tri- 
dione.’’ After admission he was completely controlled on 0.1 gm. ‘‘mesantoin’’ 
three times daily. 


Physical examination was negative except for his obvious mental retardation. 
Mental age by psychometric examination was 2 years and 10 months at the 
chronological age of 3 years and 10 months. Pneumoencephalography revealed 
a moderate degree of generalized cortical atrophy. A generalized 3 per second 
electroencephalographie dysrhythmia was an additional finding. A graphic 
representation of his cerebral blood flow is seen in Fig. 3. 
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Fig. 5.—Average preoperative and postoperative grand mal attack rate per week in Patient 3. 


Operation was performed on March 22, 1949. An immediate postoperative 
finding was right-sided retinal cyanosis and congestion of the retinal veins. The 
veins were observed to carry arterial blood. Cyanosis cleared in twelve hours. 
Spinal fluid pressure rose postoperatively from 150 mm. to 275, but returned to 
160 by the end of the first week. ‘‘Mesantoin’’ was stopped on the tenth post- 
operative day. On the fifth and sixth day after cessation of the drug he had 
two grand mal seizures, apparently due to withdrawal. Since then he has been 
free of attacks and his general behavior has noticeably improved. His pre- and 
postoperative attack rate is shown in Fig. 5. As shown in Fig. 3, his postopera- 
tive cerebral blood flow approximately doubled. 


Case 4.—T. C., an 11-month-old white male infant, had been followed by 
us since the age of 3 months. He was apparently well prior to two months of 
age and was born after a normal full-term pregnancy, by normal labor and de- 
livery. At the age of 2 months he had a generalized grand mal convulsion. He 
was admitted to another hospital. There was no associated fever, but a lumbar 
puncture showed increased protein and cells. The spinal fluid was normal three 
days later, but up to the time of surgery he was having two to five generalized 
grand mal convulsions daily. 
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His pneumoencephalogram showed marked cortical atrophy and resultant 
moderate hydrocephalus ex-vacuo. Electroencephalogram was markedly abnor- 
mal with generalized, high-voltage, 2 to 3 per second waves. Developmental quo- 
tient by the Gesell method was 15. The operation was performed on April 1, 
1949. Retinal cyanosis cleared after twenty-four hours. The blood pressure 
rose to 158/106 postoperatively, but returned to 95/60 after one week. A cor- 
responding rise and return of the pulse rate was noted. Spinal fluid pressure 
rose from 220 mm. to 350, but fell to 250 by the end of the first week. Follow- 
ing surgery, his attack rate has fallen to only an occasional grand mal episode, 
without the addition of the preoperative dose of 32 mg. of phenobarbital t.i.d. 

- Generally he appears more active. 


DISCUSSION AND SUMMARY 


Four of the eleven patients subjected to the operation have been presented. 
Operations on the other seven patients were performed just prior to the writing 
of this paper and therefore their progress could not be evaluated. The tour 
patients described above all demonstrated early and progressive postoperative 
improvement. Although the postoperative follow-up is limited to one, three, 
and five months, benefit has been obvious. We believe this procedure represents 
the first successful attempt at correction of mental retardation on an organic 
basis. Complete restoration of normal function cannot be anticipated; rather 
expectation should be limited to some return of function of remaining viable 
neuronal tissue. 


The operation has proved to be safe. Complications have, as yet, not ap- 
peared. No difficulty has been encountered in reference to pulsating exoph- 
thalmos, increased intracranial pressure, or cardiac hypertrophy. Furthermore, 
should untoward results appear, the fistula could be closed. 


The procedure is in the stage of more extensive trial and should be consid- 
ered as representing a new approach to a problem rather than as an acceptable 
and complete solution. 
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THE ACTION OF AUREOMYCIN, OF POLYMYXIN B, AND OF 
STREPTOMYCIN IN EXPERIMENTAL MURINE PERTUSSIS 


L. Braprorp, M.D., Exvizapetu Day, M.S. 
Rocuester, N, Y. 


HE purpose of this paper is to describe the action of aureomycin on ex- 

perimental infection of mice with Hemophilus pertussis, and to compare 
the results with those obtained by previous experiments with Polymyxin B and 
with streptomycin. 

Previous reports from our laboratory' and from that of Hegarty? have in- 
dicated favorable effects of streptomycin used against the experimental disease 
in mice. Favorable reports of its effect on the clinical disease have been made 
by Coffey and Levy,’ Dowling,‘ Leichenger and Schultz,° and Gordon and 
Almaden. In a small group of eases of pertussis treated with streptomycin 
we observed that the organism disappeared from the respiratory tract more 
rapidly than it did in a group of untreated cases, particularly when the drug 
was administered as an aerosol.’ Sehwabacher, Wilkinson, and Karran® recently 
reported that streptomycin failed to exert a beneficial effect on the disease. 

Both aerosporin, derived from a culture of Bacillus aerosporus Greer isolated 
by Ainsworth, Brown, and Brownlee; and a similar, but not identical anti- 
biotic, polymyxin, derived from filtrates of cultures of Bacillus polymyxa by 
Benedict and Langlykke,’® and by Stansby, Shepherd, and White,’* have been 
found to possess in vitro as well as in vivo effectiveness against H. pertussis. 
While observers have found polymyxin to be from five to ten times more effective 
than streptomycin, they have also found it to be more toxie than streptomycin ; 
in fact, it has been withdrawn recently from clinical usage for the purpose of 
further study. 

Aureomyein is an antibiotic obtained by Duggar from the mold Strepto- 
myces aureofaciens. Its history, characteristics, and action on a number of 
experimental and clinical infections have been described recently by Duggar 
and others.** Among its interesting characteristics may be mentioned the fol- 
lowing: 


Rapid absorption into the blood after oral administration. 

Rapid deterioration in alkaline or even neutral solutions, including the 
usual body fluids. 

Effective urinary concentration after oral administration, which persists 
for at least three days. 

Effectiveness against gram-negative as well as gram-positive organisms, 
and against certain viruses and rickettsiae. 


From the Department of Pediatrics, University of Rochester School of Medicine and 
Dentistry. 
Supported in part by a grant from the John and Mary R. Markle Foundation. 
Read before the American Pediatric Society, May 5, 1949, Atlantic City, N. J. 
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Relatively low toxicity and infrequeney with which organisms become re- 
sistant to it. 

A bacteriostatic rather than bactericidal action. 

The name aureomyein indicates in part the yellow color of the produet. 


PROCEDURE 


Sensitivity of H. pertussis to aureomycin was tested in solid medium. The 
antibiotic was incorporated, in varying concentrations, into the Bordet medium 
at the time plates were poured. When the medium solidified, its surface was 
streaked with a standard loopful of a freshly prepared suspension of organisms 
containing 10 billion bacteria per milliliter. The degree of growth was observed 
after incubation for seventy-two hours at 37° C. 

To test the action of the drug against the experimental disease, 3-week-old 
white Swiss mice were infected by dropping 0.05 ml. of a standardized suspen- 
sion of freshly isolated organisms containing 10 billion bacteria per milliliter, 
into the nares, according to the technique used in our laboratory for several 
years.** Thus each mouse received approximately 500 million organisms. As 
determined by a simultaneously run test in other mice, this inoculation proved 
to be 250 times the dose (2 million) required to kill 50 per cent of the mice. 
In one experiment, groups of mice, ten in each, were injected intra-abdominally 
with varying amounts of aureomycin once daily for five days. The number of 
mice surviving at the end of the five-day period was recorded. 

In other protective tests, groups of mice were arranged in subgroups of 
four each. The members of each subgroup received 0.05 ml. of a fourfold 
dilution of the bacterial suspension containing 10 billion organisms per milli- 
liter. The number of deaths occurring in the twelve-day period after injection 
was recorded. The MLD (number of organisms in millions required to kill 50 
per cent of the mice) was caleulated by the method of Reed and Muench.” 
Treatment, started six hours after injection, was given intra-abdominally daily 
for three days. 

Similar technique was employed in testing the effect of Polymyxin B and 
streptomycin. 

DISCUSSION OF RESULTS 


Under the conditions of the experiment it is clear that from 25 to 50 ug of 
aureomyein per milliliter of solid medium were required to inhibit the growth 
of H. pertussis (Table I). With similar technique the organism was found to 
be sensitive to concentrations of streptomycin ranging from 0.4 to 1.2 wg per 
milliliter. In the case of polymyxin, 0.5 to 1 »g per milliliter was required. 


TABLE I. SENSITIVITY OF H. PERTUSSIS TO AUREOMYCIN IN SOLID MEDIUM 


“G AUREOMYCIN PER ML. MEDIUM 
50 25 
++ 
0 
++ 
++ 


STRAIN 100 j 6.25 
WI 0 + ++++4 
SI 0 + 
St. L. 0 
SIM 0 ++++4 
co 0 + ++++ 
14 
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The rather high concentration of aureomyein required to inhibit growth 
is, no doubt, explained in part by the tendency of the substance to deteriorate. 
On the other hand, since at least forty-eight hours is required for growth of 
H. pertussis, during which time considerable deterioration occurs, it is probable 
that this method really reflects a bactericidal rather than bacteriostatic action. 


ACTION OF AUREOMYCIN 
AGAINST H.PERTUSSIS 


10 0.1 
MILLIGRAMS / KILOGRAM / DAY 


TREATMENT STARTED 6 HRS, AFTER 
INFECTION WITH 500 MIL. ORGANISMS 
(250 X MLD). ONE DOSE OF AUREOMYCIN 
LP DAILY FOR 5 DAYS 


BB pico SURVIVED 
Chart 1. 


In the in vivo tests (Chart 1) it is apparent that doses of from 10 to 100 mg. 
per kilogram of body weight saved 90 per cent of the mice during the period 
of active therapy. When a dose of 100 mg. per kilogram per day was given 
for three days, significant protection was observed at the end of the seventh day 
(Table II). This was also true when aureomycin was given orally in the drink- 
ing water in a concentration of 25 mg. per milliliter. That the in vivo action of 
aureomycin is inhibitory rather than bactericidal is supported by the fact that, 
during the second week of observation, after treatment had been discontinued, 
many of the mice died. This, finally, is further illustrated by the data in Table 
III, where it is apparent that even a dose of 200 mg. per kilogram of weight 
gave only protection of a moderate degree. Furthermore, doses of from 10 to 
100 mg. per kilogram of weight administered for only the first three days re- 
sulted in a very low percentage of negative lung cultures in the surviving mice. 
It is probable, of course, that continuation of therapy might have resulted in 
better clearance of the organism from the lungs and therefore better protection 
against death. 


10 
8 
6 
= 
4 
3 
z2 


BRADFORD AND DAY: EXPERIMENTAL MURINE PERTUSSIS 


TABLE II. Errect oF AUREOMYCIN ON EXPERIMENTAL MURINE PERTUSSIS 


DOSE OF DISTRIBUTION OF DEATHS ACCORDING TC 
ORGANISMS DAY AFTER INFECTION 
AUREOMYCIN IN MILLIONS |1 | s* |mupt 
100 mg./kg. daily in- 1 2 

tra-abdominally for 

5 days 


250 mg./10 ¢.c. water 
ad lib orally for 5 
days 


Controls 


1 12.1 


*Number survivors. 
a +Number of organisms in millions required to kill 50 per cent of the mice within seven 
ays. 


TAeLE ILI. Errect OF AUREOMYCIN ON EXPERIMENTAL PERTUSSIS 


NO. SURVIVING MICE % NEGATIVE 
AUREOMYCIN DOSE OF ORGANISM IN MILLIONS LUNG 

DAILY DOSE (3 DAYS) 500 | 125 | 312 | 7.8 | 19 CULTURES 
10 Mg./kg. 0 0 0 
Controls 


3 
0 1 2 

100 Mg./kg. 0 2 i 20 
1 3 3 
0 4 


200 Mg./kg. 
Controls 1 43 


*Number of organisms in millions required to kill 50 per cent of the mice. 


TABLE 1V. Errect or PoLyYMYXIN B. ON EXPERIMENTAL MURINE PERTUSSIS 


; NO. SURVIVING MICE % NEGATIVE 
POLYMYXIN B DOSE OF ORGANISMS IN MILLIONS LUNG 
DAILY DOSE (3-DAYS) 500 | 125 | 312 | 78 | 1. CULTURES 
10 Mg./kg. 4 4 
Controls 1 1 
10 Mg./kg. 3 4 
1 Mg./kg. 3 4 
Controls 0 1 0 
*Number of organisms in millions required to kill 50 per cent of the mice. 


TABLE V. Errect OF STREPTOMYCIN ON EXPERIMENTAL MURINE PERTUSSIS 


NO. SURVIVING MICE % NEGATIVE 
STREPTOMYCIN DOSE OF ORGANISMS IN MILLIONS LUNG 
DAILY DOSE (3 DAYS) 125 | 312 | 78 | 19 | 0.47 CULTURES 
50 Mg./kg. 75 
Controls 3 18 
100 Mg./kg. 100 
Controls 20 

125 a 


100 Mg./kg. 100 
Controls 1 0 
*Number of organisms in millions required to kill 50 per cent of the mice. 
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7.8 1 
1.9 >500 
500 1 2 1 
125 1 3 
31.2 1 2 
7.8 1 2 
; 1.9 2 2 >500 
500 18 
125 12 
31.2 1 1 
7.8 2 
19 
| MLD* 
7.8 
4.6 
4.2 
125 7 
14.9 
MLD* 
>500 
4.6 
500 
196 
14.9 
| MLD* 
>125 
12.7 
>125 
1.2 
>500 
4.6 
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In the case of polymyxin, it is clear that 10 mg. per kilogram per day gave 
definite protection (Table IV) and resulted in a high percentage (80 to 100 
per cent) of negative lung cultures in the surviving mice. ‘ 

Similar results were observed after treatment with streptomycin in doses 
of from 50 to 100 mg. per kilogram per day (Table V). 


SUMMARY 


Aureomycin in concentration of from 25 to 50 ug per milliliter of solid 
medium inhibited the growth of H. pertussis. Daily doses of 10 and 100 mg. 
per kilogram per day protected mice during the period of treatment, against 
250 MLD of the organism instilled intranasally. The action appeared to be 
bacteriostatic rather than bactericidal, for deaths frequently occurred within 
ten days after cessation of therapy. 

Polymyxin B in concentrations of from 0.5 to 1.0 wg per milliliter of solid 
medium inhibited the growth of H. pertussis. Daily doses of 1 mg. and of 10 
mg. per kilogram of weight protected mice against the experimental disease. 

H. pertussis was found to be sensitive to streptomycin in concentrations of 
from 0.4 to 1.2 wg per milliliter of solid medium, and protected mice against 
the experimental disease in therapeutic daily doses of from 50 to 100 mg. per 


kilogram of weight. 
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HEREDOPATHIA ATACTICA POLY NEURITIFORMIS 
IN CHILDREN 


A PRELIMINARY COMMUNICATION 


S. Rersum, M.D., L. Savomonsen, M.D., anp M. Sxatvept, M.D. 
Osto, Norway 


N the spring of 1947 four children presenting a clinical picture apparently 
not hitherto described in children, were admitted to the pediatric depart- 
ment of the Rikshospital. 

Cases 1 and 2 were boy and girl twins with no other brothers or sisters. 
Their paternal grandmother and the grandfather of their mother were sister 
and brother. (See Fig. 1.) Case 3, a boy, was an only child and, as far as we 
know, his parents were not related to each other. Case 4 was a girl whose 
parents were first cousins. Her half-sister was healthy. These three families 
were not related to one another. 

The case records of all four patients were much alike. In Cases 1, 2 and 3 
the symptoms began at the age of 7 years, and in Case 4 they began at the 
age of 4 years. The onset was insidious with loss of appetite, an unsteady 
gait, dryness and desquamation of the skin, and progressive deafness. 


Case 1.—A girl twin weighed 2,000 Gm. when born on May 16, 1938. Phys- 
ical and mental development normal. 

Anorexia had been noticed since the summer of 1946. Her gait became 
unsteady and she stumbled easily. The skin became rough and hyperkeratotic. 
Some deafness had been observed in January, 1947. 

She was admitted on March 20, 1947, and found to be puny and thin. Her 
intelligence was normal. The skin everywhere was dry and slightly desqua- 
mating, being thickened over the patella and bones of the elbow, where it was 
rough, desquamating, and of a dirty brown color. 

There was bilateral diminution of hearing of neurogenic type. Only a 
high-pitched voice close to the ears could be heard. Tympana were normal. 

Ophthalmoscopic Examination.—The fundus was defective in pigment, the 
vessels of the choroid showing through it. The pigmentation of the fundus 
was pathologie on both sides, with a hint of ‘‘pepper and salt.’’ Vision was 
/\5/5 on both sides. The field of vision was not examined. 

Neurological Examination.—There was general weakness, notably in the dis- 
tal parts of the limbs, with hypotonic muscles and loss of tendon reflexes. Gait 
was ataxic. Romberg’s sign was positive. There was no nystagmus. Sensa- 
tion was normal, with no increased tenderness on deep pressure, and normal 
vibration sense. 

Electrocardiographic Examination—The rate was 110; PQ 0.15 sec.; 
QRS 0.09 sec.; Q-T 0.34 sece.; T; +; T. +; T,; -; T, +. All the figures were about 
the upver limit of the normal for age and frequency according to Ashmann’s 
and Hull’s tables (Q-T 0.325 see. the upper normal limit). 


From the Pediatric Department, University of Oslo. (The Rikshospital), Oslo, Norway ; 
Chief of Service, Professor L, Salomonsen, Dr. med. 
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The somatic examination showed nothing else pathologic. Wassermann 
test was negative. Blood count and serum proteins were normal. Gastric 
acidity was normal. A radiographic examination of the cranium showed 
normal conditions and nothing abnormal in hands and feet apart from the 
metatarsal bones of the fourth toe, which were short on both sides. 

At first we suspected a vitamin B deficiency, but large doses of vitamin 
B preparations proved ineffectual, and there was no change in her skin. Dur- 
ing her three-month stay in the hospital she became almost completely deaf. 
In other respects there was practically no change in her condition. 

On her readmission to hospital in September, 1947, considerable deteriora- 
tion in her general condition was observed. She might almost be said to be 
eachectic; emaciation was extreme and she presented several small bed 
sores. Her atrophic skin was dry and desquamating and as thin as tissue 
paper in certain places. She was now completely deaf and the fundi showed 
the same pigment changes. On a neurological examination severe general 
atrophy of the muscles, general pareses, and absence of the deep reflexes of 
all the limbs were found. 

She was treated with blood transfusions. Bronchopneumonia developed, 
and she died in a state of marasmus (see the post-mortem findings). 


Patient vo.l @ Patient no. IL 


Fig. 1.—Pedigree of Cases 1 and 2, who suffered from heredopathia atactica poly- 
neuritiformis. The children, twin brother and sister, are the offspring of a consanguineous 


marriage which suggests recessive heredity. 
The symbols ©) and © indicate probable heterozygous male and female individuals. 


Case 2.—A boy, the twin brother of the first patient, weighed 2,250 Gm. at 
birth. Physical and mental development were normal. 

His illness developed simultaneously and with the same manifestations as 
those of his sister. 

He was admitted on April 16, 1947, and found to be puny and thin. In- 
telligence was normal with an I1.Q. of 94.2. 

The skin was dry and desquamating, particularly over the limbs and back; 
in places it was thin and with an atrophic shine. 

Bilateral diminution of hearing of the neurogenic type was found. 

Fundi were somewhat poor in pigment with the result that the choroid 
vessels were visible through them. Small patches without pigment occurred 
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in both maculae. The optic dises were normal. Vision was 5/5 on both sides. 
The field of vision was normal. 

Neurological Examination General reduction of muscle tone with weak- 
ness was most marked in the distal parts of the limbs. The deep reflexes of 
arms and legs were weak or absent. Plantar reflexes were normal. There was 
no ataxia. Romberg’s sign was negative. In sensation, there was no definite 
loss of the superficial modalities, normal vibration sense, and sense of posi- 
tion. Deep tenderness on pressure was normal. 


‘ 


Fig. 2.—Case 2, age 9; Case 1, age 9; Case 3, age 8; Case 4, age 7. Photograph was taken 
May 10, 1947. 


Electrocardiographic Examination on April 17, 1947.—PQ was 0.19 sec; 
QRS 0.09 sec.; T,_, +; QT 0.38 see. (upper normal limit 0.374 sec.). On June 
17, 1947, PQ was 0.18 sec.; QRS 0.12 sec.; T,_, +; QT 0.40 see. (upper normal 
limit 0.38 see.). (See Fig. 3.) On Sept. 26, 1947, electrocardiogram was 
normal. Otherwise nothing pathologie was found. Wassermann test was 
negative. Normal figures for serum calcium, serum phosphorus, serum iron, 
serum proteins, and cholesterol were obtained. 

. He received the same treatment as given his sister without any definite 
effects. 
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In June, 1948, the skin was as before. There was further diminution of hear- 
ing. He was deaf on the right side; whispering ad concham and speech half 
a meter away were audible on the left side. There was slight night blindness. 
A moderate degree of horizontal rotatory nystagmus on looking to both sides 
was noted. Fundi were as before. Vision was 5/5. 

Gait was slightly ataxie. Slight dysdiadochokinesis and intention tremor 
of both arms were present, along with slight atrophy of the tibialis anticus 
group of muscles on both sides. Deep reflexes were weak as before. She was 
discharged to her home. He 


4 


Fig. 3.—Case 3. Blectrocardiogram taken June 17, 1947. Heart rate was 83; PQ, 0.18 
sec.; QRS, 0.12 sec.; Ti, Ts, Ts, and Ts were plus; QT, 0.40 sec. The whole electric systole is 
too long. According to Ashman and Hull the upper limit of the normal PQ interval in 
children 7 to 13 years of age with heart rate of 71 to 90 is 0.17 sec. 

QRS of 0.12 sec. is definitely too long and = upper limit of normal QT for that 
eycle length is 0.37 sec. (according to Ashman and Hull). 


CASE 3—A boy, an only child, born on Sept. 24, 1939, was healthy till the 
autumn of 1946, when his skin began to be dry, desquamating, and itching. 
Anorexia and lassitude were present and walking was poor. 

On admission on April 22, 1947, he was thin. His I.Q. was 86.4. His skin 
was dry and desquamating everywhere. Slight diminution of hearing of 
ill-defined type was observed on both sides. Fundi and field of vision were nor- 
mal. Vision was 5/5 on both sides. 

Neurological Examination.—General atrophy of the muscles was most 
marked distally, with corresponding pareses. Absence of the deep reflexes 
of arms and legs and slight ataxia of the arms were observed. There was no 
inerease of tenderness on deep pressure on the muscles. There was loss of the 
‘vibration sense distally in all limbs. The sense of position was uncertain. Hypo- 
esthesia (possibly) was present on touch distally of the lower limbs. There 
was no thickening of the palpable nerves. 

Electrocardiographic Examination.—PQ was about the upper limit of the 
normal. 

As in the preceding cases, large doses of B vitamins were given and there 
was, perhaps, some improvement in his hearing and in the strength of his mus- 
cles. There was no return of the deep reflexes. After an attack of mumps he 
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became definitely worse, he could not walk as well as before, and the move- 
ments of his hands were less coordinated. 

On readmission on April 12, 1948, the skin was as before, hyperkeratotic 
on the elbows. Definite diminution of hearing on both sides was noted. The 
fundi showed diffuse, atypical pigment changes such as are found in eases of 
tapetoretinal degeneration. There was night blindness. A neurologic exam- 
ination showed deterioration. Dysmetria of the arms was quite plain. Gait 
was more ataxic and unsteady before, with steppage. Romberg’s sign was 
present. Considerable atrophy and paresis of all the limbs were most marked 
distally. 

Electerocardiographic Examination.—A rather long conduction time and 
T, flat were demonstrated. 

In other respects the physical examination was negative. Wassermann 
test was negative. The figures for serum proteins, serum chlorides, serum 
calcium, serum phophorus, serum phosphatase, and serum cholesterol were 
normal. Intelligence was as before. 


Case 4.—A girl whose parents were first cousins, was born on Aug. 2, 1939, 
and was well until she was 4 years old. Her disease began with dryness and 
desquamation of the skin. Anorexia and loss of weight were present. After 
the age of 5 years, difficulty in walking and running, and after the age of 6 
years, definite impairment of hearing occurred. 

On Dee. 2, 1946, she appeared small and thin; she seemed quite attentive, 
but her deafness interfered with tests of her intelligence. 

The skin everywhere was dry and desquamating, with abnormal furrows. 
The seales from her skin were large and some were brown. 

Bilateral deafness was present. 

The fundus was light-colored, with long intervals between the choroid 
vessels. Some clumps of pigment were spread over the fundus. 

Neurological Examination—General atrophy of the muscles and loss of 
the deep reflexes in arms and legs were noted. She was ataxic with unsteady 
gait. Romberg’s sign was present. Coordination and sensation were difficult 
to investigate. 

Electrocardiographic Examination.—The QRS complex was splintered. QT 
was about the upper limit of the normal (see Fig. 4). 

In other respects the physical examination showed normal conditions. 
Wassermann was negative. Various blood tests gave normal values. 

On May 6, 1947, the fundi showed incipient tapetoretinal degeneration. 
In other respects there was no change. 

Treatment with B vitamins yielded no appreciable effects. In the au- 
tumn of 1947 she became steadily worse and was finally bedridden. The con- 
dition of her skin, ‘‘alligator skin,’’ became worse, and she lost much weight. 
(See Fig. 5.) Her parents exerted themselves to provide her with an ade- 
quate and nutritious dietary, and during the winter of 1948 her weight rose 
by 10 kg. Her arms and legs became gradually a little stronger, and her skin 
showed marked improvement. Words she had not used for more than a year 
came back to her. In the spring of 1948 she could sit up in a chair and play. 
She remembered all the words she had learned before she became deaf, but 
there was no improvement in her deafness. Apparently she developed night 
blindness, for her father remarked of his own accord that she saw badly in 
the dark, not noticing that her parents had entered the room when it was 
dusk. 

On May 22, 1948, she appeared well nourished, and her skin was normal, 
the ichthyotiec changes having disappeared. She was stone deaf, not reacting 
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Fig. 4.—Case 4. Electrocardiogram Dec. 17, 1946. Heart rate was 115. PQ was 
0.16 sec. : QRS, 0.06 sec.; Ti, Ts, Ts, and Ts, plus. QT was 0.32 sec. 

The most striking ‘features here are the abnormally notched QRS complexes in Leads 
Il and III and the fact that the QT interval, lies at the upper limit of normal. (Ashman 
and Hull's tables.) 


Fig. 5.—Case 4. Ichthyosis. Photograph taken May 10, 1947. 
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to loud sounds. An examination of the eyes showed considerable vertical- 
rotatory nystagmus which prevented a close examination of the fundi. The 
muscles of her limbs were weak, and there was marked ataxia. There was a 
striking change since the last examination in her deep reflexes, which were 
now plainly present, the patellar reflexes being even brisk. 

Electrocardiographic Examination.—The QT distance was above the upper 
normal limit. 

Intelligence was as before. 


In all four cases, there was a marked increase in total proteins in the cere- 
brospinal fluid, whose cell count was normal. The findings are given in the 
following table :* 


TABLE I. Sprnat FLvuiIp FINDINGS IN CASES 1 TO 4 


PATIENT NO. I ll Iv 
Date 20/3 16/9 24/4 4/6 4/6 24/10 | 14/4 4/12 | 24/5 
1947 1947 1947 1947 1947 1947 1948 1946 1948 
No. of cells 7/3 8/3 4/3 4/3 1/3 5/3 23/3 3/3 3/3 
Positive total pro-| 1/100} 1/460) 1/50 | 1/100 1/30 1/55 1/100} 1/100; 1/90 
teins 
Positive globulin 1/5 1/16 1/5 1/2 1/2 1/3 1/4 1/5 


DISCUSSION 


Here we are most probably dealing with a familial disease exhibiting a 
recessive mode of hereditary transmission. It began between the ages of 4 
and 7 years with anorexia, an unsteady gait, skin changes suggestive of ichthy- 


osis, and progressive diminution of hearing of the neurogenic type. An ex- 
amination showed slight pigment changes in the retina, night blindness, 
ataxia, and other cerebellar manifestations and a polyneuritis-like condition 
with loss of the deep reflexes. (In Case 4, the reflexes did, however, return 
after an observation period of a year and one-half.) The cerebrospinal fluid 
showed albumino-cytological dissociation with a normal cell count and marked 
inerease of proteins. The electrocardiograms were pathologic. While under 
observation the children showed no definite diminution of intelligence. 

The polyneuritis-like manifestations, the changes in the skin, and the 
diminution of hearing were suggestive of avitaminosis B. At variance with 
this diagnosis were the retinitis pigmentosa, the cerebrospinal fluid findings, 
and the lack of response to the energetic administration of B vitamins. 

The so-called juvenile form of amaurotic idiocy is characterized by retini- 
tis pigmentosa and it may, like the late infantile form, run a course with cere- 
bellar-ataxie manifestations figuring prominently. In conflict with this diag- 
nosis in our cases was the absence of diminution of vision, of progressive de- 
mentia, and of extrapyramidal manifestations. As far as we know, descrip- 
tions of this disease have not included a marked increase in the quantity of 
proteins in the cerebrospinal fluid nor the electrocardiographie changes ob- 
served in our patients. 

*The total proteins in the cerebrospinal fluid are determined by Bisgaard’s dilution 
method (Heller’s nitric acid stratum test). Normally the test should become negative at a 
dilution of 1 to 15 or less. A dilution of 1/100 + corresponds to a total protein content of 165 
mg. per cent. The globulin content is determined by Bisgaards dilution method with a satu- 


rated solution of ammonium sulphate as reagent. Normally the globulin reaction disappears 
at a dilution of 1 in 2 if it is at all present. 


342 THE JOURNAL OF PEDIATRICS 


The clinical picture presented a certain similarity to the hereditary atax- 
ias. In particular one is tempted to think of an atypical form of Friedreich’s 
disease in this connection. In our cases, however, we lack manifestations which, 
without being essential to the diagnosis of this disease, are very characteristic 
of it; namely, dysarthria and skeletal deformities (deformities of the spine, 
Friedreich’s foot). Our patients also presented several manifestations such as 
retinitis pigmentosa with night blindness, the polyneuritis-like picture, and 
the considerable hyperalbuminosis in the cerebrospinal fluid—features which 
are not, as a rule, found in Friedreich’s disease. 

On the other hand, the above-mentioned findings in our cases are charac- 
teristic of a familial syndrome, heredopathia atactica polyneuritiformis, de- 
seribed in 1945 and 1946 in adults by one of us (S.R.). This syndrome was 
observed in five patients* whose ages ranged from 20 to 30 years and a little 
over. They belonged to two Norwegian families with no blood ties between 
them. This syndrome is characterized by the following features: atypical 
retinitis pigmentosa with night blindness and concentric limitation of the 
field of vision, a chronie polyneuritis-like picture with progressive pareses 
of the limbs distally, ataxia and other cerebellar manifestations, considerable 
inerease of the protein content of the cerebrospinal fluid without an increase 
in the number of its cells, and also, in some eases, diminution of hearing of 
a neurogenic type and electrocardiographie changes. The parents of these 
patients were, in every case, blood relations. It is probable that this syn- 
drome depends on a single recessive gene, not sex linked. 

From the account just given there would seem to be a striking re- 
semblance in the elinical picture presented by our patients to that of heredo- 
pathia atactica polyneuritiformis. The resemblance is so close that we are 
driven to the conelusion that these children suffered from this syndrome 
which has hitherto not been described in childhood. 

The ichthyosis-like skin changes were striking in all these children. 
Similar ichthyotie changes were plainly present in one of the adult cases of 
heredopathia atactica polyneuritiformis described by Refsum. Since the ap- 
pearance of Refsum’s original publication it has been learned that another 
patient in the same family was subject to similar skin changes. Among the 
other adult patients there were, however, no such changes. 

It is not yet quite clear what is the nosological position of heredopathia 
atactica polyneuritiformis. Is it an independent nosological entity, or does 
the syndrome belong to the heredo-ataxias or to the cerebral lipidoses, to be 
grouped with amaurotie idiocy and Niemann-Pick’s disease? In the case of 
Case 1, a neurohistologie examination yielded the following main points men- 
‘ tioned in a preliminary report by Dr. Jan Cammermeyer : 

Fibrous thickening of the leptomeninges with fat macrophages. A mod- — 
erate degree of degeneration of the peripheral nerves. Changes in the an- 
terior horn cells in the spinal cord. Homo- and contralateral degeneration 
of the olivocerebellar tracts. Marchi positive fat in moderate quantities in 
nerve cells and ependyma. 


*A sixth case, observed in one of the families of these patients, has subsequently been 
discovered. 
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There was no sign of inflammatory changes, of toxoplasmosis, nor of 
torulosis. 

The histologic investigation of the postmortem material presented by the 
adult patients suffering from heredopathia atactica polyneuritiformis re- 
ported on in Refsum’s original publication has not yet been completed. It 
ean, however, already be stated that, according to Dr. Cammermeyer, the 
neurohistologie changes presented by these two patients corresponded in their 
principal features to the above-mentioned findings in Case 1. The localiza- 
tion and intensity of these changes varied, however, from case to case. In 
the ease of a third adult patient, examined post mortem, changes reminiscent 
of interstitial hypertrophic neuritis were found in all the nerves examined. 


SUMMARY 


An account is given of four children, three of whom were born in con- 
sanguineous marriage. Their disease began between the ages of 4 and 7 years, 
and it showed a slowly progressive development with the following features: 
diminution of hearing of neurogenic origin amounting to complete deafness 
in some cases; atypical retinitis pigmentosa with night blindness; ichthyosis- 
like skin changes; ataxia and other cerebellar manifestations; polyneuritis- 
like manifestations with weakening or loss of the deep reflexes; a consider- 
able increase in the protein content of the cerebrospinal fluid without any 
inereased cell count and electrocardiographic changes. The intelligence was 
not diminished. 

A brief summary of the neurohistologie findings is given. 

The disease is considered to be identical with the heredopathia atactica 
polyneuritiformis described by S. Refsum in adults. Hitherto a description 
of this disease in children has not been given. 
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ADRENOCORTICAL INSUFFICIENCY IN INFANTS WITH THE 
ADRENOGENITAL SYNDROME 


A CLINICAL AND Patuo.ogic Stupy or Four Cases 


W. Zvueuzer, M.D., anp ALEXANDER BuiuM, JR., M.D. 
Derrorr, 


T LS evident from a review of the literature that the adrenogenital syndrome 

is compatible with normal or even increased function of the adrenal gland as 
regards the metabolism of salt, water, carbohydrates, and nitrogen, The work 
of Young,’ the monographs of Broster and Vines,’ and the review article by 
Haymaker and Anderson‘ fail to mention the occurrence of adrenal insufficiency 
in patients with the adrenogenital syndrome. Numerous cases of adrenal virilism 
have been described in which the patients attained a normal life span or were 
subjected without mishap to major surgical operations.’ ** A few reports, 
however, found chiefly in the pediatrie literature, indicate that, in children at 
least, the masculinizing effects of adrenal cortical hyperplasia may be accom- 
panied by serious impairment of the metabolic functions of the adrenal cortex. 
In such patients the clinical picture has been characterized by dehydration, 
vomiting, diarrhea, sometimes brownish pigmentation of the skin, and a tendency 
toward sudden circulatory collapse suggestive of a destructive lesion in the 
adrenal glands as in Addison’s disease rather than the hyperplasia which was 
actually found at autopsy. 

The combination of cortical insufficiency, masculinization, and diffuse ad- 
renal hyperplasia forms a distinct anatomic-physiologie entity. Although we 
were able to find only seventeen cases of this type in the literature,*-** our experi- 
ence suggests that the syndrome is more common than this figure would seem 
to indicate We have observed four instances in 1,068 autopsies of children from 
birth to 13 years of age over a period of six years, an incidence of 0.37 per cent. 
There were 770 infants under one year in the group, and since all the patients 
to be reported were less than a year old, the incidence in this age group was 
0.52 per cent. Our observations, though far from complete, are presented in 
order to direct attention to the clinical, biochemical, and pathologie problems 
connected with this syndrome. 


CASE REPORTS 

Case 1—F. M., a white infant presumed to be of female sex, entered the hospital at 
‘the age of 2 weeks because of vomiting, thrush, and an ear infection. The vomiting had 
begun on the ninth day of life and occurred shortly after meals. She weighed 5 pounds, 9 
ounces, having lost 144 pounds since birth. The prenatal and neonatal histories were 
noncontributory. 

Physical examination revealed slight redness of the external canal of the right ear. 
The gums had been painted with Gentian violet. The only other abnormality concerned 
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the external genitalia. The clitoris was hypertrophied and grooved on its inferior surface, 
thus resembling a penis with hypospadias. The groove led to a single opening which 
appeared to represent both urethral and vaginal orifices. The labia minora could not be 
seen. The labia majora were present and somewhat resembled the halves of a scrotum 
with thick, wrinkled skin but without a raphe or palpable testes. 

Laboratory Data.—Except for the constant presence of a trace of albumin, the urine 
was found normal on numerous occasions. The hemoglobin was 18.5 Gm. per 100 ¢.c. on 
admission and gradually fell to 12.3 Gm. during a period of two months. The white blood 
count was 12,200 on admission and 13,000 three weeks later. The Kline test for syphilis 
was negative. The nonprotein nitrogen on one occasion was 89.1 mg. per cent and on 
another 41 mg. per cent. The fasting blood sugar five weeks after admission was 60.8 mg. 
per cent (‘‘true sugar’’ determination).14 Following the injection of 4.5 Gm. of glucose 
it rose to 191 mg. per cent in one hour. 
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Fig. 1.—Graphic presentation of biochemical data in Case 1. The plasma ee rs pat- 
tern is Sewn above the line with the normal values given on the left for compariso The 
4 below the line indicate the amount in grams of sodium chloride and sodium bicarbonate 
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The plasma electrolyte structure of this patient was investigated on four occasions. 
The results are shown graphically in Fig. 1. Jt will be seen that the total plasma base 
was consistently lower than normal and that the values for chlorides roughly paralleled 
those for total base. 

Course-—The patient remained in the hospital for two months. During this period she 
vomited at times, but rarely enough to account for the marked delay in weight gain. Her 
appetite was usually good. There was a tendency to constipation. Barium studies revealed 
no pathologic changes in the gastrointestinal tract by x-ray. An intravenous pyelogram 
was attempted but the dye was not visualized in the urinary tract. 

Although the feedings were frequently supplemented by parenteral injections of 
glucose solution, normal salt solution, plasma, and whole blood, the infant always appeared 
clinically dehydrated and gained only 12 ounces in over two months. The administration 
of adrenal cortical extract in amounts of 1 ¢.c. (2% rat units per cubic centimeter) was 
without appreciable effect. 
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Following discharge from the hospital her condition remained unchanged for another 
two months. She then had a bout of severe vomiting and was readmitted. Her weight 
at this time at the age of 4% months was 6 pounds, 15 ounces, exactly what she had 
weighed at birth. The temperature was 98.6° F. She appeared quiet, rather feeble, 
dehydrated, but by no means critically ill. Careful examination revealed no abnormal 
findings in the heart or respiratory tract. Three hours after admission the patient sud- 
denly expired. 


Fig. 2.—Semidiagrammatic drawing illlstrating the appearance of the internal and external 
genitalia in Case 1. 


Fig. 3.—Photograph of adrenals, Case 1. 


Autopsy Findings—A complete autopsy was performed within seventeen hours after 
death. The body was that of a poorly nourished female hermaphrodite infant measuring 
55 em. in length. Skin and mucous membranes were dry and somewhat pale. The external 
genitalia were as described clinically. The clitoris measured 1.5 em. and had a well- 
developed prepuce. The single orifice in the region of the vestibule led into a tubular 
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structure which proved to be the common outlet of urethra and vagina. Three millimeters 
from the external opening there was a shallow valvelike fold partially covering the 
entrance into a narrow tubular vagina measuring only 3 mm. in length and merging grad- 
ually with an elongated, cigar-shaped uterus which lacked a distinct cervix and which 
measured 2.5 cm. in length. The Fallopian tubes were well developed. An ovary was 
present on each side. The right measured 2.0 by 0.6 by 0.3 em., the left 1.3 by 0.5 by 0.2 
em. Both appeared grossly normal. Anteriorly the common outlet was continuous with 
the urethra, which presented no further abnormalities. 

The adrenals were markedly enlarged, having a combined weight of 14 grams. They 
were of the usual shape, rather firm, muddy yellow-gray in color. The external surfaces 
showed a marked pattern of convolutions. On cut surface the yellowish cortex measured 
1 mm. in width on the average and seemed well demarcated from the softer, reddish- 
brown medulla. 

The thymus extended to the level of the third rib, measured 3 em. in width, and 
weighed 9 grams. The spleen weighed only 7 grams. The pancreas was not unusual in 
size and appearance. The kidneys weighed 15 and 14 grams. The liver was of the usual 
size and weight. The heart was underweight, but the right ventricle was dilated. Exami- 
nation of the brain revealed a slight atrophy of the left frontal and parietal lobe but no 
reduction in the weight of the organ as a whole. No gross abnormalities could be demon- 
strated in the pituitary gland or the pineal body. 

The adrenals were fixed in Zenker’s fluid, Zenker-formol, Helly’s, Mulier’s, and 
Orth’s fluid, formaldehyde and absolute alcohol. Appropriate paraffin sections were stained 
with hematoxylin-eosin, Mallory’s aniline blue, and Fujiwara’s modification!5 of Broster 
and Vines’ stain for androgenic cells. Frozen sections were stained with Scharlach-R 
and Nile blue sulfate. 

On microscopic examination it was evident that the enlargement of the adrenals was 
due to hyperplasia of the cortex. The width of this layer was greatly increased, partly 
as the result of an elongation of the cell cords of the zona fasciculata, partly because of 
accumulations of epithelial cell masses beneath and within the capsule, as well as on the 
surface, producing irregular elevations and convolutions. A true zona glomerulosa could 
not be distinguished. In some areas the slightly blunted ends of the columns arising from 
the zona fasciculata abutted directly on the capsule. In most places, however, the columns 
spread out and changed direction, merging into a layer of variable thickness where the 
cells were arranged in strands and sheets parallel to the surface. Frequently such strands 
penetrated between the collagen fibers of the capsule which appeared to have stretched 
and split in these areas. Larger masses of epithelial cells had mushroomed through the 
capsule and formed adenoma-like nodules and excrescences which, as a rule, were fused 
at their base to the main body of the cortex but in some instances appeared as separate 
structures. Similar masses and areas of irregular thickening of the cortex proper were 
observed in the depth of the tissue where infolding had removed the cortex from the surface. 

The ‘‘adenomas’’ sometimes lacked complete capsules but diffuse infiltration of the 
adjacent tissues was never seen and the tissue appeared hyperplastic rather than neoplastic 
throughout. 

The inner border of the zona fasciculata was not sharply defined but merged into an 
indistinet, narrow, zona reticularis. The latter was demarcated toward the center of the 
gland by a fairly broad, fibrous, boundary zone in which scattered single degenerating 
epithelial cells were found. The core of each adrenal was formed by ample amounts of 
typical chromaffin tissue. 

There was distinct variation in the appearance of the epithelial elements composing 
the cortex. Most of the cells in the zona fasciculata were of the usual size. Their cyto- 
plasm often was pale, finely honeyecombed, and contained small globules of fat which 
stained a bright red with Scharlach-R. This reaction was demonstrable almost exclusively 
in the zona fasciculata and produced a broad, irregular, spotty band of red midway between 


Fig, 5.—High magnification showing absence of glomerulosa and presence of epithelial cells 
mushrooming through the capsule, 


Fig. 4.—Low-power view of the adrenal. Note masses of cortical tissue penetrating the capsule. 
as 
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the inner and outer borders of that zone. Many cells throughout this layer had a homo- 
geneous or finely granular cytoplasm which took the eosin stain more evenly than the 
honeycomb cells. Single cells or small groups of cells here and there had a shrunken 
appearance with deeply staining, homogenized cytoplasm and pyknotic nuclei suggesting 
necrobiosis. Still others had spongy, swollen bodies and lacked demonstrable nuclei. 

Toward the periphery of the zona fasciculata the character of the epithelium began 
to change. There was an admixture of cells slightly larger than those composing the middle 
portions and characterized by an abundant granular eosinophilic cytoplasm. Such cells 
were even more frequent in the layer of cells beneath and within the capsule and pre- 
dominated in the nodular projections on the surface. The resemblance of these elements 
to cells of the so-called fetal cortex was often striking. However, even small rows and 
nests of epithelium in these regions were seldom uniform in composition but contained 
smaller cells indistinguishable from those found in the deeper layers of the zona fasciculata 
and also cells with honeycombed cytoplasm. The occurrence of morphologic transitions 
between the various cell types made the distinction between cells of ‘‘fetal cortex type’’ 
and ‘‘permanent cortex typé’’ uncertain and impractical, The cells of the subcapsular 
area showed little or no sudanophilia. 


Fig. 6.—High-power view of outermost cortex showing presence of numerous cells filled with 
fuchsinophil (black) granules. 


Fuchsinophil granules were occasionally seen in the cells of the outer zona fasciculata 
and even more frequently in the cell masses beneath and beyond the capsule. These 
granules were seen most easily in sections stained with Mallory’s aniline blue after fixation 
in Helly’s fluid. Although they were also demonstrable with Fujiwara’s modification of 
the method developed by Broster and Vines, this stain proved far less satisfactory, partly 
because of the lack of contrast which Mallory’s stain provided. With the latter technique 
the granules appeared as bright, cherry red, evenly distributed structures of uniform size 
against a light buff-colored, gray, or sometimes clear, colorless, background of cytoplasm. 
Occasionally the granules were more orange or even yellowish in color. In general the 
cells containing fuchsinophil granules corresponded to the larger, granular cells with 
eosinophilic cytoplasm resembling fetal cortex cells, but smaller and paler cells occasionally 
also contained such granules and rarely they could be demonstrated in cells with spongy, 
honeycombed cytoplasm. 
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Examination of the gonads revealed no appreciable deviation from the structure of 
the average infantile ovary. The cortex was densely crowded with primary follicles and 
the deeper layers contained Graafian follicles in various stages of development, small cyst 
formations, and atretic follicles. 

The pituitary contained a mixture of chromophobe and chromophil cells with a slight 
possible increase in the number of basophile elements as compared with control sections 
from other infants in the same age group as the patient. It seemed doubtful, however, 
that this increase would have been noticed on a routine examination of the gland. 

The remaining endocrine organs did not appear remarkable except for the lack of 
involutionary changes in the thymus which deserves mention in the presence of general 
emaciation and atrophy of the adipose tissue. In this connection the presence of numerous 
small lymph follicles along the course of the small bronchi was of interest. These, like 
the tissue of Peyer’s patches, had distinct secondary centers composed of large, ‘‘young’’ 
lymphocytes. The malpighian corpuscles of the spleen, on the other hand, lacked well- 
defined centers but appeared numerous, possibly because they were crowded together in 
the pulp which was quite poorly filled with erythrocytes. 


Comment.—The salient clinical features of this case were unexplained 
vomiting, a degree of dehydration which seemed out of proportion to the amounts 
of fluid lost, nitrogen retention, a lowering of the ‘‘total base’’ in the plasma, 
and a proportionate lowering of the plasma chlorides, persistent failure to gain 
weight, and finally a sudden, unexpected death. In addition, pseudohermaph- 
roditism was present but there was no evidence of progressive changes in the 
genitalia. 

Although a detailed analysis of the plasma cations was not carried out, it 
is evident that the lowering of the plasma base (Fig. 1) must have entailed a 
reduction in the sodium concentration, Unfortunately, potassium determinations 
were not done. The clinical and biochemical findings were compatible with the 
picture of adrenal insufficiency and, in fact, could hardly be explained on any 
other basis. The autopsy findings eliminated lesions in the kidneys or the in- 
testinal tract as possible causes for the metabolic disturbance and confirmed the 
clinical suspicion of pathologie changes in the adrenals. Since these organs 
showed hyperplasia rather than destruction or atrophy, it must be assumed that 
the cells produced salt and water hormone either in inadequate amounts or not 
at all, unless one wishes to postulate the secretion of substances counteracting 
the effects of these hormones. The apparent failure of substitution therapy may 
be ascribed to inadequate dosage of cortical extract administered to this patient 
and, therefore, does not lend itself to any conclusion. 

The histologic findings were suggestive of the presence of fetal cortex, but 
it is clear from the deseription that a substantial amount of tissue indistinguish- 
able from the ordinary postnatal adrenal cortex was present. In any event the 
function of the normal fetal cortex is at present unknown. The demonstration 
of fuchsinophil granules was considered diagnostic for androgenic cells by 
Broster and Vines' and others,’* but this criterion has not been generally 
accepted.* Its specificity is doubtful, yet the combination of this finding with 
the other features of the case may be significant. Correlation of functional 
disturbances with the morphologie evidence presented permits the conclusion 
that abnormal function of the hyperplastic adrenals was the basis of the clinical 
manifestations. 
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Case 2.—S. S., a 20-week-old white infant, was admitted because of vomiting, diarrhea, 
malnutrition, and cough. The symptoms had begun at the age of one month with a paroxys- 
mal cough accompanied by cyanosis, followed by vomiting of yellowish material. The 
mother described the illness as whooping cough. Diarrhea had accompanied the symptoms 
for the first two weeks but had since subsided. In spite of an excellent appetite the 
patient had lost considerable weight since the onset of ‘‘his’’ illness, weighing 2 pounds 
below the birth weight of 8% pounds. 

The child was born at full term and the delivery had been normal. The attending 
obstetrician and the family considered the baby to be a boy. The mother was 42 years 
old and had had an uneventful pregnancy. She had had eight previous children, seven of 
whom were in good health. Their sexes were not stated. One child had died at the age 
of 6 weeks from ‘‘diarrhea and malnutrition.’’ This child had an abnormality of the 
external genitalia. He was described as having had a penis but no scrotum and had been 
considered a boy. 

The patient was a lethargic, poorly nourished infant in a state of obvious severe 
dehydration The weight*was 5 pounds, 6 ounces. The skin was cold to touch and the 
respirations were shallow and irregular with frequent periods of prolonged apnea. The 
temperature was 97.4° F. The liver was palpable 2 fingerbreadths below the costal margin. 
There were moist, oozing granulations on the umbilicus. 

The external genitalia were almost identical in appearance with those described in 
Case 1. The identification of this patient’s sex was even more difficult, however, because 
the large, corrugated folds resembling scrotum but lacking testicles were fused toward the 
perineum in a median raphe. 

Laboratory Data.—The urine was acid and contained sugar (2 plus) after parenteral 
administration of glucose but was otherwise normal on several occasions. There was a 
mild anemia, the hemoglobin being 9.6 Gm. and the red blood count 2,960,000 per cubic 
millimeter. The white blood count was 12,400 with a differential count of 77 per cent 
neutrophils, 22 per cent lymphocytes, 1 per cent eosinophils. The Mazzini flocculation test 
was negative. The nonprotein nitrogen of the blood was 42.6 mg. per cent, the blood sugar 
65 mg. per cent. The results of plasma electrolyte studies are shown in Fig. 7 and will be 
described in connection with the therapy given. 

Roentgenograms revealed questionable pulmonary emphysema. The heart and the 
skeletal structures appeared normal. 

Course.—The patient received intravenous infusions of one-seventh molar sodium lactate, 
normal salt solution, and plasma. Notwithstanding this therapy, the total plasma base on 
the third hospital day was only 137 meq. per liter, chlorides 92.0 meq. per liter, carbon 
dioxide 16.7 meq. per liter. The so-called ‘‘R-fraction’’ was slightly increased to 14.9 
meq. per liter. Treatment with adrenal cortical extract was then begun in daily doses of 
2 ec. (5 rat units). The child was offered a mixture of Karo syrup and salt solution 
between feedings and additional saline parenterally. Sodium bicarbonate was also given 
by mouth. There was definite improvement for a period of ten days. The child ate well, 
was able to maintain a normal body temperature without external application of heat and 
to gain weight without further parenteral fluid therapy. The amounts of sodium given 
as chloride and bicarbonate salts were decreased and the adrenal cortical extract was 
increased to 10 rat units on the eighth hospital day when the total plasma base had risen 
to 146.5 meq. per liter. Two days later the child again appeared dehydrated and the plasma 
base had dropped to 104 meq. per liter. The following day diarrhea appeared and there 
was a precipitous loss of weight. The dosage of adrenal cortical extract was increased to 
15 rat units daily. Because of apparent dehydration the patient received intravenous 
infusions of glucose and saline solutions totaling 675 ¢.c. and an equal amount of fluids 
by mouth. The total salt intake for that day was later computed to be 9.5 Gm, of sodium 
chloride and .666 Gm. of sodium bicarbonate. 

On the day following this treatment the clinical condition of the patient indicated 
acidosis. Still sodium chloride was given on that day. In addition 2 Gm. of soda bicar- 
bonate was administered intravenously as a 4 per cent solution in glucose. On the next 
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day, fifteen days after admission, the clinical signs of acidosis were slightly less marked. 
The diarrhea still continued, and the abdomen had become evenly distended. At this time 
the total plasma base was 191 meq. per liter. Simultaneously the chlorides had risen to 
161.5 meq. per liter. while the carbon dioxide content had fallen to 4.6 meq. per liter. 
Before these results were known 2 mg. soda bicarbonate in glucose was again given in- 
travenously and 100 ¢.c. of 85 per cent sodium chloride solution by hypodermoclysis. All 
sodium chloride administration was discontinued but more soda bicarbonate was given, 
together with glucose. In the afternoon the total base was still 169 meq. per liter. The 
chlorides had dropped to 138 meq. per liter and the carbon dioxide had risen slightly and 
was now 9.8 meq. per liter. By evening the child was moribund though the plasma elec- 
trolyte continued to approach more normal values. The last determination that night 
showed a total base of 165 meq. per liter, chlorides 130 meq. per liter and carbon dioxide 
17.0 meq. per liter. The respirations became labored, the color was ashen, and the dis- 
tention was increasing. The patient died early the following morning, the sixteenth hos- 
pital day. The biochemical findings are summarized in Fig. 7. 
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Fig. 7.—Graphic presentation of biochemical data in Case 2. Symbols are used in 
same manner as in Case 1. The solid parts of the blocks below the base line indicate F ~ 
trolytes given parenterally. Broken lines indicate oral electrolyte intake. 


A complete autopsy was performed three hours after death. The clinical diagnosis 
of adrenal cortical hyperplasia was confirmed. The adrenals had a combined weight of 
17 Gm. and were in every respect similar to those described in Case 1. The genitalia shown 
in Fig. 8 were also virtually identical with those in the previous patient. The only dif- 
ference was the presence of a well-formed uterine cervix projecting into the vagina. The 
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opening of the latter into the common urogenital sinus was marked by a moundlike eleva- 
tion. The ovaries measured 1.8 by 0.8 by 0.4 and 1.8 by 0.5 by 0.1, respectively. 

In contrast to Case 1 the thymus weighed only 2 Gm. The spleen, on the other hand, 
had a weight of 12 Gm., which must be considered within normal limits. The kidneys were 
slightly decreased in weight. The intestinal tract was not unusual except for rather 
marked distention of the small intestine. The right lung showed an area of pneumonic 
consolidation in the upper lobe. 


Fig. 8.—External genitalia, Case 2. 


Microscopic examination of the adrenals revealed a picture identical in every detail 
with that described in Case 1. Fuchsinophil granules were readily demonstrated in the 
outer layers of the zona fasciculata, in the cell layers parallel to the surface, and in the 
adenomas and projecting cell masses mushrooming through the capsule. A vastly larger 
number of cells in these areas were found to contain fuchsinophil cells than in Case 1 but 
the cells in the inner portion of the zona fasciculata and in the poorly developed zona 
reticularis were always free of such fuchsinophil granules, as were the single degenerating 
cells in the ‘‘boundary zone.’’ Stainable lipids were absent throughout the cortex. 

The pituitary showed a distinct increase in basophil cells which were approximately 
equal in number to oxyphil elements. No adenoma formation was observed. The remain- 
ing endocrine organs were not unusual. 

The lymphoid tissues throughout showed depletion of lymphocytes and atrophy of 
the follicles. 

Rather severe hydropic and degenerative changes were present in the epithelial cells 
of the proximal convoluted tubules of the kidney. The lumens of the collecting tubules 
were often filled with colloidlike casts. 

The pulmonary alveoli were filled with a loose, inflammatory exudate without char- 
acteristic distribution. Mild infiltrations with polymorphonuclear leucocytes were present 
in the lamina propria of the large intestine. 


Comment.—In this case the familial occurrence of the condition was of 
interest. The similarity both in regard to clinical and pathologie findings be- 
tween this case and the preceding one is obvious. Again dehydration without 
apparent cause, lowering of the plasma electrolyte concentrations, and an 
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anomaly of the external genitalia were the outstanding clinical features. In 
addition this patient had a mild anemia and a history of respiratory infection. 

The results of treatment in this case require further discussion. The admin- 
istration of adrenal cortical extract in increasing dosage, combined with supple- 
mentary intake of sodium chloride and sodium bicarbonate in decreasing dosage, 
was distinctly beneficial. The clinical condition of the patient improved and 
the rise in the plasma electrolyte concentrations, notably the total base and 
chlorides, reflected this improvement. 

It is not clear from the available facts why the plasma electrolytes sub- 
sequently failed to reach normal values in the face of combined hormone and 
salt therapy. Inadequate dosage of either or both agents must be considered 
as a possible reason. Whether the occurrence of diarrheal disease and the ac- 
companying deterioration in the patient’s general condition were indications of 
improperly regulated therapy or constituted signs of a complicating infection 
is likewise a matter for speculation. The presence at that time of infectious 
diarrheal disease of truly epidemic proportions in the hospital wards is in favor 
of the latter assumption. 

The tremendous elevation of the plasma base and chloride values during 
the final phase seems clearly related to the injudicious use of saline infusions. 
The patient at that time was treated as if she had only diarrheal disease and 
acute dehydration with disregard of the presumptive adrenal insufficiency and 
the fact that adrenal cortical extract was being given. 

The chemical data presented leave little doubt that a severe chloride acidosis 
developed. This was not surprising in view of the known inability of patients 
with adrenal insufficiency to retain sodium, while there is no interference with 
chloride retention. Hampton and Keplor™ have pointed out the danger of low 
potassium and high chloride intake to patients with adrenal insufficiency under 
treatment with cortical hormones. 

The pathologie findings were almost identical with those in Case 1. The 
main difference was the involution of the thymus in Case 2, probably related 
to the clinical history of prolonged respiratory infection and diarrheal disease. 
The bronchopneumonia found at autopsy evidently represented a late com- 
plication. 

Case 3.—F. S., a white infant 7 months of age, allegedly male, was admitted because 
of failure to gain weight. The neonatal period had been uneventful. Injections for un- 
descended testicles had been given for a period of ten weeks, starting when the infant 
was 3 weeks of age. There was no response to this therapy. 

The birth weight had been 6 pounds, 11 ounces. Although the child always ate 
poorly the weight increased to 10 pounds, 12 ounces at the age of 3% months. Thereafter 
the weight remained stationary in spite of many attempts to influence it by changes in 
formula. The child never took more than 2 ounces at a feeding and often vomited small 
amounts during meals. Solid foods were taken much better than milk. At the time of 


admission the weight was 10 pounds, 6 ounces, The patient was always constipated. 
Except for a slight cough two months prior to admission there had been no other symptoms. 

The family history was of interest in that one of two siblings had died at the age 
of 4144 months with an ‘‘enlarged gland’’ in the abdomen, This child was said to have 
been unable to retain food. Its sex was not known. 
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Physical examination revealed a generalized brownish pigmentation of the skin. 
There was evidence of marked malnutrition. The genitalia were pseudohermaphroditic 
and identical in appearance with those of the two preceding patients. No other significant 
findings were recorded. 

Before death only the following laboratory data were obtained: The hemoglobin was 
12.9 Gm. The white blood count was 41,500 per cubic millimeter, the differential count 
yielded 19 per cent neutrophils, 73 per cent lymphocytes, and 2 per cent eosinophils. The 
Mazzini flocculation test was negative. 

The patient appeared to be in fair condition and took feedings well in amounts of 
3 ounces, but regurgitated the entire meal each time. Approximately twenty hours after 
admission he expired suddenly and without warning. 

Heart’s blood was taken for chemical studies one hour after death. The chloride was 
102.5 meq. per liter, urea nitrogen 52.5 mg. per cent, sugar 0 mg. per cent, serum protein ~ 
7.18 Gm. per cent, hematocrit 14.5 vol. per cent. 

A complete autopsy was performed three hours after death. The findings corresponded 
closely to those in the first two cases. Marked pigmentation of the skin was an additional 
feature and a pronounced linea frsea was noted over the lower abdomen. Heart and lungs 
appeared normal. No lesions were encountered in the intestinal tract. The spleen was 
small and weighed only 8.5 Gm. The thymus was large, measured 5 cm. in the transverse 
diameter, and weighed 19 Gm. The adrenals had a combined weight of 11 Gm. and had 
a muddy yellow color and nodular convoluted surfaces. 

The genitalia consisted of a pair of ovaries of average size, a uterus with a well- 
developed cervix, and a vagina opening through a mound-shaped orifice into the urethra. 
The common outlet for urethra and vagina measured 1.6 em. in length and ended beneath 
the enlarged clitoris. The kidneys weighed only 16 Gm. each. 

Microscopic examination of the adrenals revealed again the picture of cortical hyper- 
plasia with penetration of the capsule by cellular masses. Fuchsinophil granules were 
readily demonstrable in many of the cells near and on the surface of the glands and had 
the same distribution as in the preceding cases. Sudanophilic material in fine droplets 
was distributed unevenly throughout the cortical tissue, being most prominent in the outer 
and mid-fascicular area. There was more lipid in the subcapsular region than in Case 1. 
Lymphoid tissue, spleen, and thymus failed to show involutionary changes. 


Comment.—This infant survived longer than the first two patients. This 
fact may be significant in regard to the development of abnormal pigmentation 
in the skin in this ease. There was no information as to the time when this 
feature was first noted by the parents. Again there was a suggestive family 
history. The clinical features with which the parents were concerned consisted 
of failure to gain, vomiting, and constipation. The patient was being reared as 
a boy. The attempt to produce descent of testicles proves that the genitalia 
were malformed at birth and difficult to distinguish from true male organs. 
Death was again sudden and unexpected and seemed to be the result of cir- 
eulatory collapse. 

Chemical data unfortunately were lacking except for those obtained one 
hour after death. Only tentative conclusions can be drawn from these findings 
because of the ‘‘chloride shift’’ and other changes known to occur in post-mortem 
blood. The relatively high chloride level might be explained on this basis. The 
very high urea nitrogen, however, can hardly have been due to post-mortem 
changes alone, This finding may have been slightly exaggerated by post-mortem 
decomposition, but suggests strongly the presence of nitrogen retention during 
life and would be in keeping with adrenal insufficiency. 
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Case 4.—E. T., a 4-week-old white male infant, was admitted because of refusal to nurse 
and weight loss. The child’s birth had been uneventful and the birth weight was 6 pounds, 
15 ounces. Although at first he had a lusty cry and healthy color, he soon appeared drowsy, 
nursed very slowly, and had a bluish color when he was discharged home on the ninth day 
of life. His weight was only 5 pounds, 10 ounces. He appeared weak and his skin was 
‘*hanging thin.’’ A few days later the stools became watery and green and he began to 
vomit. His respirations were deep and his general condition seemed to deteriorate. 

The family history was noncontributory. There were no siblings. The mother’s 
pregnancy had been uneventful. 

Physical examination showed an emaciated and severely dehydrated infant who 
appeared almost moribund. The heart rate was slow and the heart sounds were of poor 
quality. The respirations were deep and rapid. The skin had a waxy appearance. The 
left tympanic membrane was said to be bulging and a thick, gray exudate was present in 
the canal. The genitalia were those of a normally developed male infant. The remainder 
of the findings were noncontributory. The temperature was 98.8° F. The weight on 
admission was 5 pounds, 14 ounces. 

The laboratory findings were limited to routine studies of blood and urine and fur- 
nished little information except for an elevated white blood count. 

Course.—The patient received 110 ¢.c. of 10 per cent glucose solution in 0.85 per cent 
saline intravenously with dramatic improvement. The left eardrum was incised and pus 
was obtained. Following a transfusion of 55 ¢.c. of whole blood on the second day the 
child’s condition seemed good. He took his formula hungrily, had no further diarrhea or 
vomiting, began to gain weight, and was discharged on the sixteenth hospital day. One 
week later he re-entered because of refusal to eat and rapidly developing listlessness dur- 
ing the last day. For two days prior to readmission he had had diarrhea. At this time 
the baby was in shocklike condition, limp, ashen gray, and dehydrated. The respirations 
were deep, labored, and irregular. The temperature was 98° F. A roentgenogram of the 
thorax showed consolidation in the right lower lung field. Urine was again not remarkable, 
the white blood count elevated, and a blood sugar was reported as 69 mg. per cent after 
intravenous glucose and oral feedings on‘the day of admission. 

Again intravenous infusion brought dramatic relief, and for four days the patient 
did well. He then became feverish, vomited, refused feedings, and looked poorly. No new 
physical findings were elicited at this time. He expired the following morning. 

At autopsy four hours after death bronchopneumonia was demonstrated and seemed 
sufficiently widespread to constitute in itself an adequate cause of death. There was a 
bilateral catarrhal otitis media. The adrenals were greatly enlarged, had a combined 
weight of 21 grams, and resembled those of the patients previously described. The penis 
and testicles were of appropriate size. The prostate appeared distinctly enlarged and 
measured 1.7 by 1.2 by 1 em. The seminal vesicles did not seem large. The thymus weighed 
5.5 grams. The spleen was small and weighed only 7.0 grams. 

Microscopic studies revealed hyperplasia of the adrenal cortex. The changes were 
indistinguishable from those found in Cases 1 to 3 except for the absence of fuchsinophil 
granules. No tissue was preserved for sudan studies. The glandular elements of the pros- 
tate were distinctly increased in size and number and often presented a corkscrewlike 
appearance. They were often filled with small amounts of finely granular eosinophilic 
material. 

The seminiferous tubules of the testicles showed a definite increase in the number of 
spermatogonia as compared with control sections from normal infants. There was, how- 
ever, no evidence of active spermatogenesis and no mitotic figures were found. 

A slight increase in the number of basophil cells was thought to be present in the 
pituitary gland. No appreciable involutionary changes were noted in the thymus, spleen 
or lymphoid tissue. 


Comment.—This patient, like those previously described, entered because of 
gastrointestinal symptoms, infection, and failure to gain weight. In this instance 
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the patient was a true male and no clue to the underlying condition could be 
determined from the external genitalia. At the age of 4 weeks there was no 
demonstrable precocity, although at autopsy an enlarged prostate was found. 
There was no clinical note of a digital examination of the rectum. Although 
this patient had an extensive bronchopneumonia, it is felt that this was merely 
a terminal complication and that there is as much reason to correlate the clinical 
picture with the changes in the adrenals as in the other cases. The dramatic 
improvement on both admissions after parenteral glucose and saline therapy is 
in keeping with this. As measured by weight the hyperplasia was even more 
marked than in the other cases, while gross and microscopic appearance of the 
cortical cells was identical except for the absence of fuchsinophilie material. 
There was no evidence of aberrant adrenal tissue being present in the testis. 


DISCUSSION 


Three of our patients were pseudohermaphrodites with female gonads and 
external genitalia resembling those of males with hypospadias and cryptorchid- 
ism. The fourth infant was a true male. The malformation of the genitalia in 
the females was typical of the congenital form of the adrenogenital syndrome 
in which excessive production of androgens by the fetal adrenals is thought to 
inhibit differentiation of female structures and to stimulate growth of the sex 
organs along male lines of development. The embryologic background of this 
malformation has been discussed in detail by Young? and others.’ **'* The 
endocrine disturbance of early fetal life in females leads to fixed changes in the 
genitalia which are apparent at birth and therefore valuable in the diagnosis. 
Although the presence of pseudohermaphroditism does not in itself indicate 
persistence of active androgenic stimuli following the period of differentiation 
of the sex organs the development of patients surviving infancy is heterosexual 
and accelerated. The clinical signs of precocious maturity, however, do not, as 
a rule, appear for some time. 

This point needs emphasis because in males the condition is usually recog- 
nized only after sufficient time has elapsed for the development of definite macro- 
genitosomia as illustrated by the case reports of Butler, Ross, and Talbot,® and 
others.®: 7° ?? If the child dies in early infancy as did our male patient (Case 4) 
and those described by Dijkhuizen and Behr’ and others,’* ** changes in the 
external genitalia cannot be expected. 

The age factor was overlooked by Broster and Vines,’ who cited briefly the 
ease of an 8-week-old infant with bilateral hyperplasia of the adrenal cortex 
but failed to regard it as an instance of the adrenogenital syndrome because of 
the lack of changes in the sex organs. 

The identity of the anatomic changes in the adrenals in both sexes, the 
similarity of the clinical picture, and the progression to macrogenitosomia in 
surviving male infants support the view that the underlying disorder is the 
same in both sexes. To our knowledge adrenal cortical hyperplasia has not been 
reported in otherwise normal female infants. 

In two of our eases the family history was strongly suggestive of the same 
condition in a sibling Among the eases reviewed by us there were four instances 
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of familial incidence among the offspring of fifteen mothers.” * ** "* A positive 
family history thus constitutes an important diagnostic feature. In our cases 
the mothers, so far as known, had had normal pregnancies and showed no obvious 
signs of masculinization. No studies of maternal hormones seem to have been 
reported. The need for such studies is obvious. 

The clinical features in our patients were compatible with a state of adrenal 
cortical insufficiency and similar to those described by other observers. Although 
there was little in this picture to differentiate it from ordinary diarrheal disease 
associated with enteric or parenteral infections in infants, the degree of dehydra- 
tion often seemed out of proportion to the loss of fluid through diarrhea and 
vomiting. Evidence of infection, moreover, was either lacking or developed late 
in the course of the disease, indicating a complication. 

Pigmentation of the skin so characteristic of Addison’s disease in the adult 
was noted in only one of our patients. This feature was mentioned in four of 
the previously reported cases. It might be suspected that the appearance of 
pigmentation depended on the length of survival, for it was noted only in the 
oldest of our patients, but Butler, Ross, and Talbot® described it in an infant 
13 days of age while there was no pigmentation in the 6-year-old patient of 
Thelander and Cholffin.’° 

Chemical studies during life were reported in only three of the previously 
published eases. The most complete study was made by Darrow,’? who reported 
low bicarbonate, chloride, and sodium values, elevated potassium concentration, 
and normal sugar levels in the blood. Thelander and Cholffin® found low 
chloride and normal sugar values. In the ease reported by Butler and associates,° 
the sodium and chloride were low and the potassium was high. Before treat- 
ment the nonprotein nitrogen was elevated in every case in which the deter- 
mination was made. With the exception of the blood sugar levels these findings 
are in keeping with adrenal cortical insufficiency.*® The observations made in 
our Cases 1 and 2 showing lowered values for total plasma base and bicarbonate 
and chloride levels support the theory that the underlying disturbance is related 
to adrenal dysfunction. 

In classical Addison’s disease the fasting blood sugar level is low and the 
patients are insulin sensitive.*° An interesting discrepancy between the cases 
under discussion and those with Addison’s disease is indicated by the normal 
blood sugar levels in three of our patients and in the two other patients for 
whom such data were given.” ** Talbot and associates," reporting again in 1947 
on the patient of Butler and associates, also found a normal blood sugar and, 
in addition, normal insulin tolerance, 

The lack of evidence of a disturbance in carbohydrate metabolism suggests 
that in this syndrome there may be a selective depression of salt and water- 
regulating substances, while the production of ‘‘S’’ hormone remains ade- 
quate.» 2? 

This suggestion is supported by two additional observations. Albright®* has 
defined the ‘‘S’’ hormone as the substance or substances elaborated by the 
adrenal cortex influencing the metabolism of carbohydrates. The excretion of 
11-oxycorticosteroid-like substances (11-OCS) which, according to Talbot and 
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associates,”* reflects S hormone production, has been shown te be low in Addison’s 
disease. By contrast a normal 11-OCS excretion was found by these workers in 
Butler’s case of adrenal insufficiency with virilism. 

The idea of a selective insufficiency with respect to salt and water metabclism 
in patients of this type is also in keeping with the histologic observations. In the 
mieroscopie picture of the adrenals of our patients, the zona glomerulosa was 
either absent or very poorly developed, while no significant morphologic aber- 
rations were found in the fasciculata. The zona glomerulosa seemed largely 
replaced by big eosinophilic cells, many of which contained fuchsinophil granules 
in Cases 1, 2, and 3. There is evidence that, in the rat at least, it is the glomer- 
ulosa which produces salt- and water-regulating substances.**** The metabolic 
disturbances observed in our patients may thus be related to the lack of a zona 
glomerulosa. 

Several authors have correlated the presence of fuchsinophil granules in the 
adrenal cortex with androgen production.*:"*** Such granules were found in 
the outer layers of the cortex in three of our patients but could not be demon- 
strated in the fourth. Moreover, when present they were scanty in comparison 
with the description given by Broster and Vines' and Bratrud and Thompson." 
However, in agreement with other studies we were unable to demonstrate these 
granules in our control material, and our inability to find them in Case 4 may 
have been due to our failure to use recently fixed material. We are inclined to 
regard the presence of fuchsinophil granules as significant. 

The clinical and laboratory findings suggest a dissociation in the functions 
of adrenal cortex such that androgen or ‘‘N’’ hormone production is increased, 
salt and water regulating substances are decreased, and S hormone production 
appears unaffected. It is tempting to speculate that the S hormone producing 
cells remain intact while those influencing salt and water metabolism, presum- 
ably glemerulosal cells, are replaced by cells containing fuchsinophil granules, 
presumably producing excessive amounts of androgens. This hypothesis would 
correlate the entire clinical syndrome with the histologie picture. If this concept 
is valid it would appear logical to use desoxycorticosterone acetate (DOCA) 
rather than the complete cortical extract in the treatment of such patients as 
we have described. 
SUMMARY 
This paper deals with clinical, chemical, and pathologie observations on four 
infants who presented the picture of adrenal cortical insufficiency in association 
with bilateral adrenal] hypoplasia as shown at autopsy. 

The condition was found in 0.52 per cent of autopsies done on infants under 
1 year of age, indicating a higher incidence than is suggested by the literature. 

The familial pattern which was apparent in two of our patients remains 
unexplained and requires endocrinologie studies of the mothers of such infants. 

In our own group and in all cases thus far reported the patients were either 
female pseudohermaphrodites with a characteristic deformity of the genitalia 
or else true males. In the latter, external manifestations of virilism are not 
apparent in early infaney. 
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The presenting clinical features were gastrointestinal symptoms, especially 
diarrhea, vomiting, and dehydration. 

Serial chemical studies performed in two cases showed a lowering of the 
‘*total base,’’ bicarbonate and chloride values in the plasma, The blood sugar 
levels were found normal in three patients. 

Anatomie and histologic examination of the adrenals showed diffuse hyper- 
plasia of the cortex with apparent replacement of the zona glomerulosa by 
eosinophilic cells which often contained fuchsinophil granules. A correlation 
of these findings with the clinical manifestations is suggested. . 

The physiologic disturbance appears to be one of overproduction with 
respect to N hormone and underproduction of substances regulating salt and 
water metabolism. The apparently intact carbohydrate metabolism differentiates 
these patients from those with true Addison’s disease as regards the manifes- 
tations of adrenal insufficiency. Further studies of the carbohydrate metabolism 
in such patients are needed. It is suggested that the administration of DOCA 
and salt may be a complete substitution therapy in patients exhibiting this 
syndrome. 
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SIMULTANEOUS CAPILLARY AND VENOUS HEMOGLOBIN 
DETERMINATIONS IN THE NEWBORN INFANT 


Leon Orrtincer, Jr., M.D.,* Aanp B. Mis, M.D. 
NASHVILLE, TENN. ~ 


HE hemoglobin content of the blood of normal newborn infants is a subject 

of controversy. Values ranging from 15.5 Gm. per 100 ml. of blood' to 
23.4 Gm. per 100 ml. of blood? have been reported as normal, and no explanation 
for the difference has been given. 

It is the purpose of this paper to show that these values may be reconciled 
one with the other if the source of the blood on which the determination is done 
is considered. Capillary and venous bloods have been the usual sources for 
hemoglobin determinations reported in the literature, and we have used these 
two sources as the basis of our work. All previously reported work reviewed 
has been divided into these two groups in order to have standards of comparison. 

Methods.—Blood samples used in this study were obtained within an hour 
of birth, at five days, and at three weeks of age. These dates were used because 
it was felt that within an hour the child would still reflect the conditions at 
birth. The five-day sample was obtained because this day was the usual time of 
discharge and would give some suggestion of the early changes occurring in 
hemoglobin concentration. The three-week period represented the neonatal 
checkup and gave us a period at which physiologie equilibrium should be estab- 
lished. Capillary blood was obtained from freely flowing puncture wounds of 
the great toe. Venous blood was obtained from the internal jugular vein. No 
anticoagulant was used, as dilutions were made immediately. Hemoglobin was 
determined as oxyhemoglobin on a standardized Klett photoelectrometer. 


RESULTS 


The hemoglobin content of the capillary blood in the one-hour specimens 
exceeded that of the venous blood in all individuals. The variations were be- 
tween 0.6 Gm. per 100 ml. of blood and 8.2 Gm. per 100 ml. of blood with an 
average difference of 3.6 Gm. as is shown in Table I and Chart 1. 

At five days it is seen that the eapillary blood in general contains more 
hemoglobin than does the venous blood, and actually has a higher average con- 
tent. (20.5 Gm.) than it did on the first day, although the average difference 
between capillary and venous blood is less (2.2 Gm.). (Table I.) The range 
of differences is also less, being between 6.5 and —0.8 Gm. 

In the blood drawn at three weeks this change is even more striking, the 
widest margin of difference being 2.9 Gm. with an average difference of 1.1 Gm. 


From the Departments of Pediatrics of Vanderbilt University Medical School and 
Nashville General Hospital. 
*Present address, 4614 Sunset Bivd., Los Angeles, Calif. 
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TaBLE I. SIMULTANEOUS CAPILLARY AND VENOUS HEMOGLOBIN DETERMINATIONS IN THE 
NEWBORN INFANT 


CAPILLARY VENOUS DIFFERENCES 
I 5 | 3 1 5 3 i 
HOUR | DAYS | WEEKS HOUR | ant WEEKS HOUR | DAYS | WEEKS 
212 14.9 13.0 174 138 82 11 
21.2 ; 15.0 13.0 221 13.4 1.6 
25.7 617 — — 
24.3 ' 16.5 185 167 17.1 
25.3 . 19.7 19.0 
19.8 . 146 16.8 
24.2 19.1 15.7 
19.4 148 19.5 
20.2 . 15.9 13.6 
18.2 140 15.3 
22.9 905 — 
16.3 13.1 23.7 
17.9 148 14.5 
22.9 19.8 20.1 
20.2 17.6 19.5 
19.5 17.3 184 
17.5 15.8 21.3 
21.8 20.1 18.0 
15.2 13.6 19.5 
18.0 I 16.5 184 
20.2 188 16.6 
16.8 16.0 19.5 
18.5 i 179 188 
20.1 . 19.5 188 


Average 20.3 0 \ 16.7 18.3 
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Chart 1. 


This is compared with the maximum difference of 8.2 Gm. and an average of 
3.6 Gm. difference on the first day and a maximum of 6.5 Gm. and an average 
of 2.2 Gm. on the fifth day. 


DISCUSSION 


In other hemoglobin studies, various authors have investigated either venous 
blood or capillary blood. If these results are grouped according to the source, 
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differences can be found similar to those reported here. The average of the 
values reported by the group using capillary bloods was 20.7 Gm. per 100 ml. 
of blood, while the average for the venous group was 16.9 Gm. per 100 ml. This 
is a difference of 3.8 Gm. and approximates the average difference of 3.6 Gm. 
found in this study on the first day. 


TaBLeE II. HEMOGLOBIN VALUES FOR PERIPHERAL BLOOD 


HEMOGLOBIN 


AUTHOR JOURNAL VALUE 
Merritt, K. K., and Davidson, L. T. Am. J. Dis. Child. 46: 990, 1933 23.4 
Faxen, N. Acta Pediat. 19: 1, 1937 23.4 
Williamson, C. A. Arch. Int. Med. 18: 505, 1916 23.3 
Appleton, V. B. J. Biol. Chem. 39: 369, 1918 22.3 


Elvejhem, C. A., Peterson, W. H., and Am. J. Dis. Child. 46: 105, 1933 22.2 
Medenhall, D. R. 


DeMarsh, Q. B., Alt, H. L., and Windle, J. A. M. A. 116: 2568, 1941. 21.3 
W. F. 
Mackay, H. H. M. Arch. Dis. Child. 8: 221, 1933 19.3 
Andresen, B., and Ortmann, G. Acta Med. Scandinav. 93: 410, 19.0 
1937 
Washburn, A. H. Am. J. Dis. Child. 62: 530, 1941 19.0 
Mitchell, J. M. Am. J. Dis. Child. 38: 518, 1929 16.6 


Average: 20.7 


TABLE ITT. 


HEMOGLOBIN VALUES FOR VENOUS BLOop 


| HEMOGLOBIN 
AUTHOR | JOURNAL VALUE 
Kato, K.,* and Emery, O. J. Folia Hemat. 49: 106, 1933 18.0 
Guest, G. M., Brown, E. W., and Wing, M. Am. J. Dis. Child. 56: 529, 1933 17.9 
Andresen, B., and Ortmann, G.t Acta Med. Scandinav. 93: 410, 16.3 
1937 


Lucas, W. P., Dearing, B. F., Hoobler, H/ Am. J. Dis. Child. 22: 525, 1921 16.2 
R., Cox, A., Jones, M. R., and Smyth, 
F. 8. 


DeMarsh, Q. B., Alt, H. L., and Windle, W. J. A. M. A. 166: 2568, 1941 15.5 
E. 


*Kato and Emery do not give the source of their blood but a letter from the hospital 
where the work was done indicates the use of sinus blood of newborn infants. 


TtAndresen and Ortmann, in their article, reported the average value for both the sinuc 
and peripheral hemoglobins. The values given in the above tables were recalculated by the 
present authors from the original data. 

The cause of the variation between capillary and venous hemoglobin content 
in the newborn infant is not known. Wintrobe has described a similar variation 
in adults who had pernicious anemia and explains it as being due to macrocytosis 
with stasis in the capillaries (3). Macrocytosis is also found in the newborn 
infant, (4) and a similar explanation might be valid. 

We believe another explanation which would fit well with the foregoing 
is that at the time of birth the capillaries are collapsed, with poor circulation, 
as evidenced by the blueness of the hands and feet in the newborn infant. The 
capillaries then act as a trap or sieve for the larger, heavier cells, preventing 
their return to the general circulation. Later, as the capillaries relax when 
the child recovers from the shock of birth, the peripheral and venous blood 
approach an equilibrium in hemoglobin content. The transitory rise occurring 
in the first few days after birth in capillary hemoglobin can be explained as a 
dehydration result. 
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SUMMARY 


In summary, it has been found that the differences in the sources of the 
blood may partially explain some of the variations which have been reported 
in the hemoglobin values. It is also apparent that there is no constant relation 
between capillary and venous hemoglobins, although the capillary hemoglobin 
content is always the greater of the two and any comparison from day to day 
must always use hemoglobin from the same source. 
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SMALL BOWEL OBSTRUCTION IN INFANCY AND CHILDHOOD 
A INTERPRETATION 


Cuares Srorcu, M.D., Bernarp Repner, M.D., aNp Ricuarp D. Turty, M.D. 
Brook.yn, N. Y. 


HE x-ray diagnosis of small intestinal obstruction in infants is extremely 

diffieult. Ordinarily, the presence of air in the small bowel in older children 
and adults leads one to suspect small bowel pathology, but in infants such a con- 
dition is not abnormal. An x-ray diagnosis of early obstruction depends upon 
the differentiation between the small bowel containing normal amounts of gas 
and the small bowel containing abnormally large amounts of gas. The pedia- 
trician is handicapped in making this distinction radiologically due to the 
paucity of material on this subject in the pediatric radiological literature. It is 
our intention to describe the gaseous state of the small bowel in its normal and 
in its obstructed phases as seen through x-ray. 

In adults and older children, the presence of an occasional gas-filled loop of 
small bowel on the x-ray picture is within normal limits. However, any marked 
degree of distention indicates the presence of a pathologie process. In infants 
it is normal to find gas in the small bowel up to the age of 2 or 3 years.’ Gas 
appears in the stomach almost immediately after birth even when the infant is 
not fed during the first twelve hours of life. According to the studies of Wasch 
and Marck? the proximal portion of small intestine contains gas within the first 
hour of life. By the end of three hours the entire small bowel contains gas, and 
segments of the large intestine may also be visualized as a result of its gaseous 
content. By the end of eight hours there is a relatively large amount of gas in 
the small intestine as compared with the colon and, by twelve hours, the balance 
shifts so that the colon is the most prominent. 

The normal small bowel, containing gas, is revealed on x-ray as a formless 
and shapeless mass with a hazy and washed-out appearance (see Figs. 1, A and 
2). In contrast, in the obstructed small intestine, the formless segments assume 
a new shape dependent upon the gas trapped within the lumen of the bowel. 
The formless segment starts to bulge and then becomes ‘‘squared off’’ (see Figs. 
1, B, 3, and 6). It would appear at first glance that if the bowel became dis- 
tended with gas, the cross-sectional appearance would be that of a cirele. How- 
ever, the impingement of the distended loops, one upon the other, causes the 
small bowel to assume a square or rectangular appearance. For this reason we 
use the term ‘‘squared off.’’ With increased amounts of gas we find that the 
x-ray appearance of the bowel is blacker, as found in any organ in which the 
aeration is increased. With the increased gas and the ballooning up of the bowel, 
a continuity of the smail bowel segments will be established in the x-ray picture 
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A. Formless - Shapeless 
(Normal) 


B. "Squaring Off" 


C. Continuity 


= ) D. Hair Pin Loop 


E. Layered Effect 


— 


Fig. 1.—Small bowel. A, Normal. B-E, Obstructed. 


Fig. 2.—Normal small bowel, formless, shapeless, and hazy. 
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(see Figs. 1, C, 4, and 5). When the continuous loops turn upon themselves, the 
so-called ‘‘hairpin’’ turns may be noted (see Figs. 1, D and 5). With increasing 
distention, continuous loops will be noted to lie one above the other, a phenomenon 
which we prefer to call ‘‘layering’’ (see Figs. 1, E and 7) rather than the more 
conventional ‘‘stepladder effect.’’ This layering may appear in cross section as 
a tier of ‘‘squared off’’ loops. Layering is a later manifestation of small bowel 
obstruction which even later may be associated with the formation of fluid levels 
in the bowel. 

Finally, if doubt as to the presence or absence of small intestinal obstruction 
exists after inspection of the initial x-ray plate, another film should be taken a 
few hours later. This will provide the essential clue to the diagnosis by estab- 
lishing the presence or absence of progressive distention of the loops of bowel 
(see Table I). 


TABLE I* 


NORMAL AIR I ABNORMAL AIR 


Formless, shapeless Squared off 

Hazy, washed out Increased blackening 
Continuity of bowel 
Hairpin turns 
Layering 
Fluid levels 
Progressive distention in 

follow-up films 


*These characteristics are schematically represented in Fig. 1. 


The presence of a gas pattern suggesting continuity in the colon may, of 
course, be normal, and this must be differentiated from the continuous pattern 
formed by obstructed small bowel. The small intestine may be identified by the 
presence of Kerkring folds which extend completely across the lumen of the 
bowel, while the plicae semilunares of the colon extend only partially across the 
lumen. Unfortunately, if gaseous distention is sufficiently increased, the Ker- 
kring folds of infancy may disappear from the roentgenogram. A further point 
in the differential diagnosis of small and large intestine is the fact that the 
small bowel will be found to oceupy a central position in the abdomen while the 
colon is found in the periphery (see Fig. 7). The outlines of the two sections 
of intestines are also different, the large intestine presenting haustrations and 
the small intestine having a smooth outline. These points will be brought out 
in a subsequent paper on large bowel obstruction. 

Several brief case reports are appended to illustrate these remarks. 


Case 1.—P., a 7-week-old male infant, was admitted on Nov. 26, 1947, with 
- a history of obstipation for four days. There was vomiting of yellow fecal ma- 
terial for one day. No history of melena or grossly bloody stcols could be ob- 
tained. Temperature was 99.6° F. on admission, The patient appeared moderately 
dehydrated with depression of the anterior fontanel. The abdomen was markedly 
distended with prominent superficial veins. There were no palpable masses in 
the abdomen. A belateral hydrocele was noted, along with a right inguinal 
hernia. Rectal examination was negative, but a small amount of dark blood 
was passed immediately after withdrawal of the examining digit. Diagnosis 
postoperatively was volvulus of the small intestine with dilated bowel proximal 
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to the volvulus and collapsed bowel distally. X-ray findings prior to operation 
revealed evidence of obstruction in that there were squaring off of the loops of 
the bowel, fluid levels, and layering. The obstruction must have been in the 
small bowel, since all distended loops and fluid levels were located centrally in 
the abdomen. This is an example of late obstruction since fluid levels were 
present (see Fig. 3). 


Fig. 3.—Obstructed small bowel illustrating principally “squaring off.” 


Case 2.—R. O. H., a 2-week-old white male infant, was admitted March 21, 
1948, with a history of vomiting for three days prior to admission. Stools had 
- beeome progressively more scanty until admission, the last stool containing only 
mucus. The vomitus was yellow and had a fecal odor. Vomiting was pro- 
jectile in type. The infant was markedly dehydrated on admission. A mass 
was noted in the right external inguinal canal leading to the scrotum. It was 
hard and irreducible. A reducible left inguinal hernia was noted on the left 
side. Evidence of incarcerated right inguinal hernia was found on operation. 
X-ray prior to operation revealed continuity of pattern, hairpin turns, squaring 
off, and increased blackness of the bowel. This is evidence of a relatively late 
stage of small bowel obstruction since many loops are involved (see Fig. 4). 


Case 3.—E., a 15-month-old white female infant, was admitted Sept. 19, 
1947, with a history of anorexia for three days. Abdominal pain and vomiting 
began a few hours prior to admission. This was followed by a grossly bloody 
mucous stool. Temperature was 100° F. on admission. Rectal examination was 
negative, but there was blood on the examining digit on withdrawal. No masses 
were palpable in the abdomen. Operation revealed ileocecal intussusception 
with marked mesenteric lymphadenopathy. X-ray findings prior to operation 
revealed a continuous pattern of air in the bowel, hairpin turns, and layering 
in central position (see Fig. 5). 
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Fig. 5.—Obstructed small bowel illustrating principally continuity and hairpin loops. 
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Fig. 6.—Obstructed small bowel illustrating principally “squaring off” and continuity. 
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Fig. 7.—Obstructed small bowel illustrating = layering, central position, and hairpin 
oop. 
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Case 4—H., a 2-day-old white male infant, was transferred from the 
nursery on May 12, 1948. The infant regurgitated all feedings from the time 
of birth. Examination revealed a distended abdomen and palpable loops of 
bowel. There had been no bowel movements since birth. On the third day the 
patient had a very scant mucous stool. At operation a midgut volvulus was 
found. There was no large bowel distention. X-ray findings prior to operation 
were squaring off, continuity of pattern, and layering. 


Case 5.—C. L., a female Negro infant, was admitted on Nov. 29, 1948, about 
six hours after birth, with chief complaint of bleeding from the navel. The 
infant was pale, cyanotic, and had shallow respirations with the rate of five to 
six per minute. A marked systolic thrill was palpable over the precordium, 
accompanied by a harsh, blowing, systolic murmur. The hemoglobin was 100 
per cent with 4.5 million red blood cells, 14,000 white blood cells with normal 
differential. The patient was given oxygen. An electrocardiogram revealed 
sinus tachyeardia, prolonged A-V conduction time, and tendency to right axis 
deviation. Congenital heart disease was suspected (see Figs. 6 and 7). On the 
third hospital day the patient vomited bile-stained material continually. Small 
bowel obstruction was suspected and an x-ray of the abdomen was taken. This 
revealed squaring off (see Fig. 6), continuity of bowel, and layering (see Fig. 
7). At autopsy there was marked dilatation of proximal two-thirds of the small 
intestine and compression of the lumen of the distal one-third. Consistent with 
the small bowel obstruction, there were also a pulmonary stenosis and patent 
interauricular septal defect. 


SUMMARY 


1. We have briefly endeavored to describe the characteristic gaseous states 
assumed by the small intestine when obstructed as revealed on x-ray. These 
abnormal phases are contrasted with the normal appearance of air in the small 
bowel in infants and children. 

2. Five eases are briefly outlined, accompanied by their respective x-rays. 

We are indebted to Mrs. Margaret Hamburger for her assistance in taking the various 


x-ray plates. 
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A CORRECTION 


Referring to my manuscript of ‘‘Botulism and Tick Paralysis’’ published 
in the June issue of THe JouRNAL oF Pepratrics, p. 716: 

The identity of the tick which I reported as Dermacentor variobolis was 
challenged by the director of the Rocky Mountain Laboratory in Hamilton, 
Mont., as he states the dog tick is very rare west of the Cascades. 

Dr. H. S. Sears, bacteriologist, and myself had thought we had properly 
established the identity of the tick, but sent the tick to the above laboratory 
where Mr. Kohls, their ixodologist, identified it as a female specimen of Derma- 


centor andersoni. 
(signed) Don B. Rice 
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Case Reports 


PHARYNGEAL INJURY CAUSED BY INGESTION OF GLASS CHIPPED 
FROM BABY-FOOD CONTAINER 


JEROME Leopoip, M.D. 
New York, N. Y. 


HE oceurrence of injuries in infants due to the ingestion of foreign bodies 

is not uncommon, but reports of injuries due to the swallowing of glass broken 
from food containers have received little notice in pediatric literature. Only 
two articles have been published at this writing. Steele? in 1948 reported two 
eases of mediastinitis due to the ingestion of glass from food containers. The 
patients were aged 18 months and 15 months, respectively. Both patients re- 
covered after operation and following the use of penicillin and streptomycin. 
Steele states that, ‘‘In both instances it is probable that the breakage was due to 
the improper exertion of force at one particular point in prying the covers off 
the vacuum-packed glass containers.’’ Directions for opening the glass contain- 
ers suggest that force should be exerted at more than one point about the rim of 
the container. This is a very important procedure and should be practiced when- 
ever the container is opened. Unfortunately, these directions appear only in 
very fine print on the container. In 1949 Hyde? reported a case (in a child aged 
13 months) of peritonitis secondary to perforation of the bowel by glass chipped 
from a baby-food container. This patient was operated on and was then treated 
with penicillin, sulfathiazole, and streptomycin. Recovery followed this therapy. 
_ other references could be found on this subject in an extensive search of the 
iterature. 


REPORT OF CASE 


The following is a report of an infant whose pharynx was injured by the 
accidental swallowing of chipped glass from a food container. 

On Feb. 26, 1948, D. K., a male infant aged 7 months who had been well 
previously, had suddenly cried as if in great pain and had vomited while being 
fed his dinner. The vomitus consisted of squash mixed with mucus and some 
bright red blood. There was some difficulty in breathing and swallowing. The 
squash had been obtained from a glass food container which, fortunately, was 
still in the refrigerator. Examination of the container revealed, to the mother’s 
surprise, that a small part of the glass rim was missing. (Fig. 1.) Physical 
examination of the infant was essentially negative excepting for the throat, 
which was very congested. There was no evidence of bleeding, nor was there 
any visible injury of the pharynx. Immediate roentgenologic examination at 
the Lenox Hill Hospital failed to reveal evidence of a roentgen-opaque foreign 
body in the cervical region, chest, or abdomen. The temperature was 102° F. 
Therapy consisted of steam inhalations, sulfadiazine, and phenobarbital. At 
the end of twenty-four hours the difficulty in breathing and swallowing had dis- 
appeared, and physical examination was negative except for a slight congestion 
of the throat. Sixty hours after the initial vomiting, a piece of glass (Fig. 2) 
8 mm. in length and 3 mm. in width was passed by rectum without any difficulty, 


Formerly Director of Pediatrics, Lenox Hill Hospital; Clinical Professor of Pediatrics, 
New York University College of Medicine. 
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Fig. 1.—Baby-food container showing piece of glass chipped from container. 


METRIC 1 4 


Fig. 2.—Glass chipped from baby-food container. 
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mixed with a soft stool. The infant has developed normally in every respect 
during the past year except for an occasional attack of diarrhea which has been 
controlled by appropriate diet. 


SUMMARY 


A ease of injury to the pharynx in an infant, due to the ingestion of glass 
chipped from a baby-food container, is reported. A favorable outcome was ap- 
parently due to the relatively small size of the ingested glass. It is suggested 
that attention be given to the proper method of opening the food container, and 
to the careful inspection of the opened container to be certain that the glass con- 
tainer is intact. 
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ACCIDENTAL THENYLENE HYDROCHLORIDE POISONING 
Report or A Case CoMPLETE RECOVERY 


Harry S. SNypERMAN, M.D. 
PHILADELPHIA, Pa. 


HENYLENE Hydrochloride is the Abbott trade name for one of the newer 

synthetic anthistamine drugs now used for the treatment of allergic reactions. 
Thenylene Hydrochloride is supplied in 50 mg. tablets. The average adult dose 
is 50 mg. one to four times a day. The dose for children depends upon weight 
and age. 

The common side effects of Thenylene Hydrochloride are drowsiness, dizzi- 
ness, gastrointestinal irritation, and nervousness. Pharmacologic experiments 
in animals show that large overdoses of the drug cause convulsions which are 
followed by depression of the central nervous system." 


CASE REPORT 


W. D., a 20-month-old white male child, swallowed sixteen tablets of The- 
nylene Hydrochloride which had been prescribed for his mother’s allergy. This 
was a total intake of about 800 mg. of the drug. The child swallowed the tablets 
at 11:30 am. At 12:20 p.m. the mother first noticed that the child was un- 
usually drowsy. She gave the child milk and castor oil by mouth and imme- 
diately brought him to the admission room of the hospital. 

On admission the child was convulsing, appeared markedly cyanotic, and 
was unconscious. His pupils were fixed and dilated. His neck was stiff. There 
was a marked tachyeardia. The chest was clear and the abdomen was relatively 
soft. 

Blood count and urinalysis showed no abnormalities. 

Gastric lavage was started upon admission and continued until all the 
stomach contents had been removed. A hypodermoclysis of 214 per cent glu- 
cose was started and the child was placed in an oxygen tent. At 1:20 p.m. one- 
half grain of phenobarbital sodium was given by hypodermic injection. A soap- 
suds enema was also given at this time. At 2:30 p.m. one-fourth grain of 
phenobarbital sodium was given by hypodermic injection. The convulsions con- 
tinued. At 3:15 p.m. a mixture of sodium bromide grains 10 and chloral hydrate, 
grains 5, were given by rectum. Convulsions decreased in severity and the 
respirations became slower. Respirations continued to become slower and at 
4:20 p.m. one-half ampule of caffeine sodium benzoate was given by hypodermic 
injection. By 10:00 p.m. the child was conscious and was calling for his mother. 
_ The child continued to improve and was discharged from the hospital forty- 
eight hours after admission. 


DISCUSSION 


The lethal dose of Thenylene Hydrochloride for mice is 190 mg. per kilo- 
grams when administered by oral route. It is 150 mg. per kilograms for cats." 
To date there is no report of the lethal dose for man. Davis and Hunt report 
a ease of Benadryl poisoning of a 2-year-old child in which death followed the 
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ingestion of 474 mg. of the drug.* The accidental poisoning by these antihista- 
mine-like drugs should be guarded against. The fact that these preparations 
are sugar coated make them attractive to children. 


SUMMARY 


The accidental ingestion of 800 mg. of Thenylene Hydrochloride in a 20- 
month-old male child resulted in cyanosis, unconsciousness and convulsions, and 
was followed by a period of cardiorespiratory depression. The treatment con- 
sisted of the judicious use of a short-acting barbiturate plus normal supportive 
measures. The child improved in twelve hours and was completely recovered 
in twenty-four hours. 
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ACTIVE INFANTILE TOXOPLASMOSIS 


Caprarn THomas L. Netson, Mepican Corps, ARMY OF THE UNITED STATES, AND 
Masor FRANK A, Mantz, Mepicat Corps, Unrrep States ARMY 


OXOPLASMOSIS, although still unusual, is being reported with increasing 

frequency. This case is thought to be of particular interest, for it demon- 
strates the appearance of the disease during its acute phase and its treatment 
with high dosage of the sulfonamides. 


REPORT OF A CASE 


A white female infant first became ill shortly after being hospitalized as a 
boarder at the age of 6 weeks. She was born at Gorgas Hospital, where she has 
been observed intermittently for a total period of seven months. During her 
seventh week and while in the hospital, she developed a mild left otitis media 
which subsided promptly with penicillin therapy. 

In the eighth week of life she developed an unexplained fever. On physical 
examination the only abnormal findings were discovered in the eyes. It was im- 
possible to define clearly any of the retinal vessels, the optic dises, or other struc- 
tures behind the lenses. The diagnosis of the ophthalmologist at this time was 
severe retinal edema and edema of the optie dises. No evidence of increased 
intracranial pressure or abnormal neurological findings was elicited. The spinal 
fluid was crystal clear and under no increased pressure. Ten days later a right 
facial nerve paralysis appeared. Daily rectal temperatures ranged from 102 to 
104° F. She was given short courses of sulfadiazine in low dosage, penicillin, 
and streptomycin with no apparent effect. Her eye findings and the facial 
paralysis continued, but no other’ abnormalities were discovered. She was trans- 
ferred to a children’s hospital in. the continental United States on the twenty- 
sixth hospital day. 

She remained febrile for the first thirty-two of the total forty-six days’ 
observation at that institution. During this time her facial palsy disappeared, 
and she developed a ptosis of the left eyelid. There an ophthalmologist classified 
the eve changes as moderately acute choroiditis. While in that hospital she re- 
ceived treatment with streptomycin and combined sulfadiazine and sulfathiazole 
in undesignated dosage. After approximately three weeks of combined sulfon- 
amide therapy her temperature became normal, and she was returned to the 
Canal Zone. An etiologic diagnosis was not made while she was in the United 
States. 

After an afebrile period of four weeks, at the age of 4 months she suddenly 
developed a rectal temperature of 104° F. and again entered Gorgas Hospital, 
where she was studied for the ensuing six months. At this entry her retinas 
and optie dises again were edematous, and it was impossible to focus on any 
definite structure. The ptosis of the left eyelid was still present, and there was 
borderline microcephaly. No other abnormal physical finding or cause for 
her fever was discovered. On entry combined therapy with 0.13 Gm. each 
of sulfadiazine, Sulfamerazine, and sulfathiazole every four hours was instituted. 
This treatment continued over three and one-half months until the child was 744 
months old. Eight days after beginning this therapy, diminution in the retinal 
edema was noted, and it was possible to clearly visualize retinal vessels. In 
seven more days small white patches appeared scattered throughout both retinas. 


From the Pediatric Section, Gorgas Hospital, and the Department of Pathology, Board of 
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By the twenty-fifth day white patches partially ringed with black pigment de- 
veloped in the macular areas. More striking was the presence of black pigment 
dispersed within these lesions. In addition to these lesions, small white patches 
were seen outside the macular areas. During this period she continued to have 
an average rectal temperature of 101° F. with occasional spikes to 103° F. 

At the age of 10 months her largest head circumference was 39.0 em, (aver- 
age for this age is 45.0 em."); her head circumference had not increased in the 
previous four months, although an increase of 2.5 em. would be expected nor- 
mally.t| The baby then had a length of 69.0 em., and a weight of 1514 pounds. 
Her mental age and level of activity were estimated at from 3 to 4 months. 

Throughout the illness there was a moderate normochromic, normocytic 
anemia but no leucocytosis or abnormality in the Schilling index. The corrected 
erythrocyte sedimentation rate was not elevated on several determinations. Re- 
peated malaria smears were negative, and blood cultures during the course of 
the illness were sterile. Blood and spinal fluid serologic tests for syphilis and 
intradermal tuberculin tests up to 1:10 dilution were negative. The urine and 
stools were normal on repeated examinations, and the urine was free of lead. 

Spinal fluid examinations from onset of the illness until the second admis- 
sion to this hospital showed a progressive increase in leucocytes from 20 cells per 
eubie millimeter (11 polymorphonuclears and 9 lymphocytes) to 80 cells (all 
lymphocytes). The protein content was continuously elevated, reaching 113 mg. 
per 100 ec. The chloride and sugar values were normal, and cultures were 
sterile. After fourteen days on combined sulfonamide therapy in this hospital, 
the patient’s spinal fluid cell count was seven lymphocytes with 54 mg. per 100 
c.c. of protein. At 10 months of age her spinal fluid cell count and chemistry 
determinations were normal. 

No toxoplasma parasites were demonstrated on smears of spinal fluid before 
or during her last admission or on bone marrow smears. A total of eighty-four 
serially cut sections from a biopsy of the right quadriceps muscle examined under 
high-power magnification failed to show the presence of toxoplasma or other 
significant lesions. Part of this muscle was macerated and injected into two 
guinea pigs without the demonstration of toxoplasma infection. Complement 
fixation studies done on serum taken at 5 months of age prior to skin testing 
showed positive complement fixing antibodies for toxoplasma at a titer of 1:128.* 
Skin tests at 5 months and 7 months with chicken chorioallantoic membrane 
toxoplasma antigen at 1:100 and 1:1,000 dilutions showed no reaction.t? Re- 
peated x-ray examinations of the skull at six-week to two-month intervals did 
not show significant lesions until the age of 914 months, when scattered intra- 
cerebral calcifications most pronounced in the occipital area were first observed. 
X-ray examinations of mastoid areas, long bones, and chest showed no abnor- 
malities. Spinal fluid taken on September 17 was inoculated into a guinea pig; 
this animal died spontaneously on October 24. Autopsy showed that the animal 
probably died of peritonitis due to Pasteurella pseudotuberculosis ; muitiple sec- 
js from the brain of this animal disclosed five typical large toxoplasma pseu- 

ocysts. 

The mother of this child had a pregnancy complicated only by moderate 
hypertension. The mother, father, and 5-year-old sibling had no history of 
unexplained febrile illness, eruptions, or central nervous system disease. Exami- 
nations of their eye grounds were normal. The family had resided in the Canal 
Zone for seven years, coming here from California. The mother’s serum was 
positive for complement fixing antibodies of toxoplasmosis at a titre of 1:32.* 
The sera of the father and sibling gave a negative complement fixation test. 

*Test done through the courtesy of Joel Warren, Ph.D., Army Medical Department Re- 


search and Graduate School, Washington, D. C. 
tAntigen obtained through the courtesy of Dr. Joel Warren. 
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Skin testing of the mother with the same antigen as used on the baby showed 
an area of erythema without induration measuring 0.8 by 0.6 em. with 1:100 
dilution and no reaction with 1:1,000. 


DISCUSSION 


The sulfonamides have been suggested for the therapy of toxoplasmosis on 
the basis of animal experimentation.’ We believe that this is the first human 
ease in the acute phase of this disease that has received massive dosage of sul- 
fonamides over a period of several months. This case is unique, since there have 
been active signs of the disease on which to evaluate therapy. We feel that the 
gradual change from an acute chorioretinitis to the healed form in the first 
twenty-five days of therapy with combined sulfonamides in this hospital may 
be significant. The spinal fluid became normal while on this therapy, and two 
and one-half months after discontinuing therapy was still normal. During the 
three weeks the patient was treated with sulfonamides in the United States her 
temperature became normal; following cessation of this therapy she was afebrile 
for four weeks and then relapsed. With massive dosage of sulfonamides in this 
hospital, her temperature did not become normal as did her eye and spinal fluid 
changes. This is due, perhaps, to interference with the temperature-controlling 
centers by the specific lesions of toxoplasmosis ; this has been suggested previously 
by Paige and co-workers.‘ 

The criteria for the diagnosis of infantile toxoplasmosis in this case have 
been chorioretinitis, microcephaly, intracerebral calcifications, and positive com- 
plement fixation tests for toxoplasma on both the patient and her mother. This 
patient also showed fever, mental deficiency, a normochromic, normocytic anemia, 
and increased protein and lymphocyte count in the spinal fluid. The finding 
of toxoplasma in the guinea pig inoculated with the patient’s spinal fluid is of 
interest, but not conclusive, due to the natural incidence of toxoplasmosis in 
these animals.° The skin test has been incompletely evaluated at the present 
time ; the negative result in this baby is of questionable significance.* 


SUMMARY 


1. An unusual, nonfatal case of infantile toxoplasmosis which was observed 
in its acute phase during seven months of hospitalization is reported. 

2. Treatment with high dosage of combined sulfonamide therapy may have 
modified the infection. 
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WILMS’ TUMOR IN A NEWBORN INFANT 
Report or A CasE WitH AuToPSsy STUDIES 


Hans Hartenstein, M.D. 
Cuicago, ILL. 


ALIGNANT tumors are rarely found in infancy and childhood. One of 
the most common malignant tumors occurring during these age periods is 
Wilms’ tumor of the kidney. 

This tumor has been the subject of considerable controversy regarding 
origin, histogenesis, and nomenclature. Some of the terms found to designate 
this neoplasm are: embryoma of the kidney, embryonal nephroma, mixed neo- 
plasm of the kidney, nephroblastoma, adenosarcoma of the kidney, myosarcoma 
of the kidney. Willis' feels that the tumors included under these various names 
constitute one entity which he calls embryonic renal tumors and which, despite 
their varied appearance and components, arise from and consist of the im- 
mature renal blastema. Wells? prefers to unite these tumors under the heading 
of mixed malignant renal neoplasms or, using an eponym, Wilms’ tumor of the 
kidney, the latter being probably the most widely used term at the present time. 

Wells,’ in 1940, reviewing malignant tumors in newborn infants, concedes — 
to only five reported cases the validity of being true malignant congenital renal 
neoplasms. In addition to these five cases, malignant renal neoplasms occurring 
in premature or full-term stillborn or in older infants with symptoms or signs 
of the neoplasm since birth have been reported by Kocher,’ Landsberger,* 
Little,» Smirnowa-Zamkowa,® Nicholson,’ and Dean and Pack,’ who reviewed 
the then existing literature; since 1940 Muto® and Silver’? have each reported 
a case. However, it is questionable whether some of the above reports of renal 
tumors can be accepted as true Wilms’ tumors, if Wells’ criteria are applied. 

Therefore, after examination of the American and foreign literature, which 
revealed only the above-mentioned cases of Wilms’ tumor in newborn infants, 
the condition seems sufficiently rare to warrant reporting an additional case. 

Clinical History—The mother, Mrs. W. M., a 25-year-old, para ii, gravida 
iii, Negro female, was admitted to the Cook County Hospital of Chicago on May 
6, 1948. She was in early labor. Family history and prenatal course were un- 
eventful except for the occurrence of polyhydramnios during the present preg- 
nancy. A roentgenogram of the abdomen taken because of this enlargement 
was interpreted as suspicious for twin pregnancy. Labor lasted for nine hours 
and forty minutes. Fetal heart tones were not heard on several occasions shortly 
prior to delivery, which was spontaneous and uncomplicated. The baby, a male, 
showed poor color and gasping respirations. He expired after two hours of 
life despite treatment with tracheal catheter, oxygen, and coramine. Before 
death the abdomen was noted to be distended and a firm, movable, round mass 
filling the entire left abdomen was palpated. Clinical diagnosis was left-sided 
congenital hydronephrosis. 

Autopsy findings—The body was that of a fairly well-developed Negro 
male measuring 45 em. in length and weighing 2,150 Gm. The abdomen was 
2.5 em. above the xiphopubie line and its left half contained a firm, movable 
mass. On opening the abdominal cavity a large retroperitoneal mass in the 
left renal region was found which was firm in consistency. It was attached only 
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to the left renal artery and vein and to the left ureter, which was patent and 
led to the bladder. The mass was in place of the left kidney, measured 7 by 5 
by 3.5 em., was well-encapsulated, and shelled out easily. The left adrenal gland 
was separated from the superior aspect of the tumor by loose areolar connective 
tissue. On section the tumor was seen to be composed of light tan whirls of 
connective tissue and lobulated areas of pink-reddish tissue with a firm con- 
sistency. The capsule was a thin layer of dense connective tissue and was not 
penetrated by the tumor mass. No renal pelvis was present. 

Sections of the tumor mass were fixed in formalin and stained with hema- 
toxylin and eosin, Masson trichrome method (Goldner’s modification), Mallory 
connective tissue stain, and impregnated with silver, using Gomori’s method. 

Histologic examination revealed considerable variation of appearance 
throughout different parts of the specimen. Practically the entire renal paren- 
chyma was replaced by tumor tissue. 

The periphery of the tumor was surrounded by a loose connective tissue 
eapsule in which thin-walled blood vessels were seen. Some extravasation of 
red blood cells was also noted in this area. Thin septa of loose connective tissue 
with well-developed glomeruli and tubules were seen between undifferentiated 
vascular mesenchymal tumor tissue which formed the greatest part of the tumor. 
In some areas the tumor tissue appeared edematous and even myxomatous, 
while in other areas it was dense and very cellular. Broad bands of spindle- 
shaped and polyhedral cells were arranged in interlacing bundles, occasionally 
intermingled with smooth muscle fibers and islands of well-cireumseribed em- 
bryonal cartilaginous tissue. Seattered throughout the stroma isolated tubules 
were seen which were lined by flattened, almost endothelial-like epithelial cells. 

Closer examination of the stroma revealed pleomorphism of the tumor cells. 
The nuclear membrane of the spindle-shaped and polygonal nuclei was sharply 
delineated and the chromatin was finely and uniformly dispersed. No mitotic 
figures were noted. 

Silver-impregnated sections revealed a rich reticulum network with ar- 
gentophile fibers surrounding the mesenchymal tumor cells. 

Gross examination of the lungs revealed them to be almost completely 
collapsed. Microscopic examination confirmed the gross diagnosis of atelectasis. 

The other organs showed no pathologie findings. 
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DISCUSSION 


As this tumor was found at autopsy in an infant 2 hours of age, it appears 
unquestionable that it must have developed during intrauterine life. This 
ease, therefore, serves as a good example of the occurrence of malignant tumors 
in the unborn fetus which may be of importance for theories of the pathogenesis 
of malignant neoplasms. 

An interesting feature from the microscopic point of view is the finding 
of islands of normal renal tissue with well-developed glomeruli and tubules. 
These glomeruli were not the so-called preglomeruloid structures nor abortive 
glomeruli of the mesonephron described frequently as occurring in such tumors. 
Therefore, the question arises whetner these structures are the remnants of 
normal renal parenchyma or a part of the tumor which has reached complete 
differentiation in these areas. 

This finding of normal renal tissue within a Wilms’ tumor has not, to the 
author’s knowledge, been stressed in previous reports of such tumors occurring 
in the newborn infant. 
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SUMMARY AND CONCLUSION 


A ease of a Wilms’ tumor in a 2-hour-old infant is reported, pointing to 
the intrauterine development of the tumor. 
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Areas of normal renal parenchyma were found within the tumor tissue. 
The question is raised whether these areas represent tumor tissue which has 
reached complete differentiation or remnants of normal renal tissue. 
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CONFERENCE AT DUKE HOSPITAL OF DUKE UNIVERSITY 
SCHOOL OF MEDICINE, DURHAM, N. C. 


Grant Taytor, M.D., CONFERENCE CHAIRMAN 
Mycotic Infections in Children 
(The Budding Yeasts as Agents of Disease) 


— infections in children occur frequently. For convenience, they 
may be divided into: (1) those infections which attack the skin, hair, and 
nails; (2) those which involve the skin and subcutaneous tissues; and (3) 
the systemic mycotic infections. Some of the etiologic agents in the latter 
group appear as budding, yeastlike forms and give rise to grave disorders 
which frequently are diagnosed incorrectly, poorly treated, and generally 
thought to be rare. 

Dr. J. S. Harris (Associate Professor of Pediatrics) —The apparent rarity 
of fungus diseases is due to two major factors: (1) failure to think of and 
recognize these diseases and (2) their geographic distribution. Although 
moniliasis and cryptococcosis are widespread, the other diseases are delimited 
by definite geographic boundaries. For example, North American blastomy- 
cosis occurs exclusively on the North American continent. In the United 
States, however, the preponderance of reported cases occurs in the Mississippi 
Valley and the southeastern area. South American blastomycosis, on the other 
hand, is found only in South America, particularly in Brazil. Histoplasmosis, 
although reported throughout the world, has its greatest incidence in the 
Mississippi Valley. Great differences of reported incidence may occur in 
adjacent areas; for example, histoplasmosis is common in Tennessee and very 
rare in adjacent North Carolina. In spite of the endemicity of these infeec- 
tious agents, the normal migrations of people, now amplified by speed and 
ease of transportation, are such that all physicians and clinics should be 
alerted to these diseases. The possibility of their occurrence should be con- 
sidered in the differential diagnosis of all obscure infectious diseases. 

Dr. N. F. Conant (Professor of Medical Mycology).—There are five 
fungus infections in which the etiologic agent appears as a budding, yeastlike 
organism in the lesion or in materials from the lesion; namely, cryptococcosis, 
moniliasis, histoplasmosis, North American blastomyecosis, and South Ameri- 
ean blastomycosis. 

The fungus which causes cryptococcosis, Cryptococcus neoformans, ap- 
pears in clinical materials as a capsulated, round, thick-walled, budding, yeast- 
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like cell, 5 to 15 » in diameter. Such capsulated organisms can be demon- 
strated clearly in India ink preparations in which the ink particles outline 
the capsular material. C. neoformans remains yeastlike in culture both at room 
temperature and at 37° C. (98.6° F.). On Sabouraud’s glucose agar the col- 
onies are mucoid and tan to brown in color. Capsules may be demonstrated 
also by India ink preparations of materials from these cultures. The capsule 
is diagnostic for C. neoformans, but animal pathogenicity, especially for mice, 
also should be established. 

The fungus which causes moniliasis, Candida (Monilia) albicans, appears 
in clinical materials as oval, thin-walled, budding, yeastlike cells 2.5 to 6 » in 
diameter. An occasional pseudomycelium also may be seen. C. albicans re- 
mains yeastlike in culture both at room temperature and at 37° C. (98.6° F.). 
On Sabouraud’s glucose agar the colonies are smooth, creamy, and honeyeombed 
in the center, and have a distinct yeasty odor. The thin-walled, oval, budding 
cells may be demonstrated on the surface of the agar and the pseudomycelium 
in the subsurface growth extending into the agar beneath the colony. The lack 
of a capsular substance and the presence of pseudomyeelia distinguish this fungus 
from C. neoformans. It also may be distinguished from other species of Candida 
by its specific sugar fermentations and by its pathogenicity for rabbits. 

In histoplasmosis caused by Histoplasma capsulatum the fungus appears in 
macrophages as an intracellular, oval body 2 to 4 » in diameter. H. capsulatum 
parasitizes the reticuloendothelial system and may be demonstrated in Giemsa- 
stained smears of peripheral blood, bone marrow, sputum, exudate from mu- 
cosal lesions, and impression smears of tissues (nodes). On sealed blood agar 
slants at 37° C. (98.6° F.). yeastlike colonies which resemble Staphylococcus 
albus are developed. Microscopically, the fungus appears as small, oval, bud- 
ding cells, 2 to 4 » in diameter, which resemble the tissue phase. On 
Sabouraud’s glucose agar at room temperature, however, H. capsulatum grows 
as a typical mold and, microscopically, is composed of septate, branching 
hyphae from which characteristic thick-walled tuberculate chlamydospores are 
produced. These structures are diagnostic and may be used for accurate identifi- 
eation of the fungus. When this moldlike growth is transferred to sealed blood 
agar slants at 37° C. (98.6° F.), the culture reverts to the yeast phase. The 
filamentous growth of H. capsulatum at room temperature distinguishes this 
fungus from the two above and the characteristic tuberculate chlamydospores 
distinguish it from all other filamentous fungi. Pathogenicity tests in mice may 
be attempted for either the yeast or filamentous culture. 

The fungus which causes North American blastomyeosis, Blastomyces der- 
matitidis, appears in clinical materials as large, thick-walled, single budding 
yeastlike cells, 5 to 15 » in diameter. On blood agar at 37° C. (98.6° F.), the 
colonies are yeastlike, smooth, or wrinkled, and show microscopically the bud- 
ding, veastlike cells of the tissue phase. On Sabouraud’s glucose agar at room 
temperature, B. dermatitidis grows as an atypical mold and microscopically is 
composed of septate, branching hyphae from which round to pyriform conidia 
5 to 8 » in diameter are produced. When this type of growth is transferred 
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to blood agar slants at 37° C. (98.6° F.), the culture reverts to the yeastlike 
tissue phase. The small, smooth spores of the filamentous cultures distinguish 
B. dermatitidis from H. capsulatum and the large, round, thick-walled bud- 
ding cells in cultures at 37° C. (98.6° F.) distinguish B. dermatitidis from the 
yeast phase of H. capsulatum. Pathogenicity tests in mice may be attempted 
for either the veast or filamentous culture. 

The fungus which causes South American blastomycosis, Blastomyces 
brasiliensis, appears in clinical materials as large, thick-walled, multiple bud- 
ding, yeastlike cells 10 to 60 » in diameter. On blood agar at 37° C. (98.6° F.) 
the colonies are yeastlike, smooth or rough, and show, microscopically, the 
multiple budding, yeastlike cells of the tissue phase. On Sabouraud’s glucose 
agar at room temperature the colonies are moldlike, slow growing, heaped, 
and wrinkled. These colonies are composed of septate, branching hyphae with 
numerous chlamydospores. When this moldlike growth is transferred to blood 
agar at 37° C. (98.6° F.), the colonies revert to the yeastlike phase. B. 
brasiliensis is distinguished from B. dermatitidis by its slow growth and lack 
of spores on Sabouraud’s glucose agar at room temperature and multiple bud- 
ding cells in tissue and culture at 37° C. (98.6° F.). Pathogenicity tests in 
mice may be attempted for either the filamentous or yeast phase. 

Since H. capsulatum, B. dermatitidis, and B. brasiliensis appear yeastlike 
in tissue and in culture at 37° C. (98.6° F.) but are filamentous on Sabouraud’s 
glucose agar at room temperature, it is necessary to be familiar with both 
morphological forms so that a diagnosis may be made immediately. This 


dimorphism, a characteristic of many fungi which cause systemic infections, 
need not be confusing after one becomes familiar with the different tissue 
and cultural forms. 


Dr. Harry B. O’Rear (Resident in Pedisirics).—The first case is that 
of a 5-year-old Negro boy who wzs admitted Nov. 10, 1948, with a complaint 
of a swollen, tender area over his left eye of four days’ duration. One year 
prior to admission the child developed a draining sinus on the left side of his 
nose. A second draining sinus developed six months later. Four days prior 
to admission a swollen, tender area on the child’s forehead over the left eye 
was noted and he was referred to this hospital for treatment. Positive phys- 
ical findings were: A soft, tender, swollen area (4 by 5 em.) over the left 
frontal region. There were draining sinuses on the medial side and below 
the left eye. X-rays revealed extensive erosion of the left frontal bone, the 
roof of the left orbit, and the medial aspect of the right orbit. The child 
had a triangular section of the left frontal bone excised, the pathologie ex- 
amination of which revealed the Blastomyces organism. Smears and cultures 
of material from the draining sinuses were positive for B. dermatitidis. The 
skin test for Blastomyces was positive, but the complement fixation was neg- 
ative. Therapy consisted of desensitization with Blastomyces vaccine and, 
after three weeks of desensitization, potassium iodide by mouth. Serial x-rays 
revealed extension of the osteolytic process for seven weeks after admission. 
The child was discharged three months after admission, therapy to be con- 
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tinued as an outpatient. At the time of discharge the sinus tracts were healed 
and the child was afebrile. Complement fixation at this time was 1:8. Di- 
agnosis was blastomycosis. 

The second case is a 13-year-old Negro boy admitted Dee. 15, 1948, with 
a history of a cough and pain in the left chest of three weeks’ duration. 
Twelve hours before admission he complained of pain in the abdomen with 
nausea and vomiting. On admission, the patient had a temperature of 39.5° 
C. (103.1° F.) and a white blood cell count of 28,000. The physical findings 
were consistent with those of a localized area of consolidation. There was 
generalized mild abdominal tenderness without rigidity. No abdominal masses 
were felt. X-ray of the chest revealed a localized area of consolidation radi- 
ating down from the left hilum with an area in the center suggestive of 
cavitation. ©. T. 1:100 was one plus at the end of forty-eight hours. Sputum 
culture revealed a variety of gram-positive and -negative organisms. Acid- 
fast stain of sputum was negative. On admission the patient was placed upon 
penicillin and sulfadiazine therapy without clinical response. The addition 
of streptomycin to the therapy produced no response. Physical findings re- 
mained the same and fever remained elevated although the patient was ambu- 
latory. The cervical lymph nodes enlarged and two subcutaneous abscesses 
developed, one in the right mamma and the other over the right deltoid. Six 
weeks after admission sputum cultures were reported positive for B. derma- 
titidis. Complement fixation for Blastomyces was positive in serial dilution 
to 1:16. .Blastomycin skin test was positive 3+. The patient was started on 
Blastomyces vaccine, desensitization, and, after three weeks, potassium iodide 
therapy was begun. Culture of material from one of the subeutaneous ab- 
seesses gave a pure growth of Blastomyces. Throughout his hospital stay the 
patient continued to have a fever and the physical findings remained unchanged. 
X-ray of the chest showed no improvement in the pneumonie process. The 
patient was discharged at the end of three and one-half months to continue 
on the Blastomyces vaccine desensitization and potassium iodide therapy. 
Diagnosis was blastomycosis. 

The third case was a 244-month-old white boy admitted because of recur- 
rent lesions on the tongue and scrotum. The mother’s past history was sig- 
nificant in that she had a Monilia infection during the pregnancy. The in- 
fant, at the age of 6 weeks, again at the age of 2 months, and again just prior 
to admission, had developed lesions on the end of his tongue and at the base 
of his penis which appeared first as small papules and became larger and sub- 
sequently hemorrhagic. The temperature became elevated with each flare-up 
of the lesions, The lesions seemed to respond to treatment with sulfonamide 
and penicillin. 

Positive physical findings were as follows: There was a circumscribed, 
swollen, hemorrhagic lesion on the right lateral and ventral aspects of the 
tongue which bled freely on pressure. There was a pigmented area at the 
base of the penis which marked the site of the scrotal lesion. On admission 
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the infant was placed upon penicillin therapy and the tongue lesion was 
sprayed with a penicillin solution. There was some improvement, but the 
scrotal lesions became active. Cultures of the lesions revealed a variety of 
organisms, but skin tests to the bacterial vaccines were negative. A Monilia 
skin test was found to be positive and fungus cultures of the lesions were found 
to be positive for C. albicans. The infant was placed on gentian violet therapy 
parenterally and locally with prompt improvement of the lesions. Desensitiza- 
tion with Monilia vaccine was begun. Healing of the lesions continued and 
there were no further recurrences. The infant’s hospital course was compli- 
eated by frequent daily convulsions for a short period. He was discharged at 
the end of two months to continue with the desensitization therapy. Diagnosis 
was moniliasis of skin and mucous membranes. 


Dr. D. T. Smrru (Professor of Bacteriology).—To obtain the best results 
in the treatment of mycotic infections* it is essential to study the immunologic 
status of the patient. The presence or absence of hypersensitivity can be de- 
termined by intracutaneous skin tests with either vaccines or with special 
antigens such as histoplasmin, coccidioidin, or blastomycin. The determina- 
tion of hypersensitivity is essential since a marked exacerbation of the lesions 
ean occur in hypersensitive individuals after the administration of therapeutic 
agents, in particular, iodides. This response can be minimized by desensitiza- 
tion prior to iodide therapy. Immune bodies in the serum of the patient can 
be measured in terms of agglutinins in moniliasis or in terms of complement 
fixing antibodies in blastomycosis, coccidioidomycosis or histoplasmosis. The 
determination of the immune bodies is important for prognosis. A relatively 
high titer usually signifies an extensive infection, usually generalized and 
systemic in nature. Absence of or low titers of immune bodies may mean a 
mild infection, or, on the other hand, the terminal stage of a severe infection 
(anergic phase). A similar decrease in hypersensitivity to skin tests may also 
occur in severe and terminal infections, and thus be indicative of a poor 
prognosis. 

The two cases of blastomycosis had positive skin tests to Blastomyces 
vaecine. The treatment, therefore, consisted of desensitization with the Blas- 
tomyeces vaccine followed by the administration of potassium iodide. The 
prognosis is good in Case 1 in spite of the extensive destruction of the frontal 
bone, since the complement fixation was at first negative and only became 
positive after therapy. The prognosis in Case 2 is not so good because of the 
presence of a high titer of complement fixing antibodies before treatment. 
This prognosis was confirmed by the development of metastatic lesions while 
the patient was under treatment. 

The case of moniliasis showed marked hypersensitivity to the Monilia 
vaccine and therefore desensitization was necessary before the administra- 
tion of iodide. The patient did not have agglutinins in his serum for Monilia. 
Gentian violet is useful in treating moniliasis, but is not a substitute for an im- 
munologie study and for desensitization where this is indicated. 


Mycotie Infections in North Carolina, N. C. Med. J. 10: 167, 1949. 
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Psychologic Aspects of Pediatrics 


MOTION SICKNESS IN CHILDREN 


Harry Baxwin, M.D. 
New York, N. Y. 


OTION sickness is the term used to designate the group of symptoms which 
result from repeated oscillatory movements of the body. It includes sea- 
sickness, car sickness, airsickness, trainsickness and elevator sickness, All of 
these are closely related in etiology and symptomatology and respond to the 
same therapeutic agents. 


The incidence is high. It has been estimated that under severe conditions 
only 20 per cent of unacclimatized persons will remain entirely free of seasick- 
ness. Maitland’ states that all normally constituted people are susceptible to 
some definite type of movement. 


Car sickness is more common in children than in adults. It usually makes 
its appearance during the second or third year of life but, contrary to general 
opinion, it does oceur occasionally in infants. Its infrequency at this age may 
be due to the fact that infants are generally kept lying down, in which position 
symptoms are less likely to occur. 

The characteristic manifestations of car sickness are nausea and vomiting. 
There may be only headache, anorexia, and malaise. Nausea is a normal re- 
sponse to violent oscillating movements. In the individual with the motion sick 
diathesis, the threshold is lowered and nausea appears in response to minimal 
movement. The tendency to this condition is increased by excitement, fear, 
apprehension, agitation, irritation, physical illness, a stuffy atmosphere, offen- 
sive odors, the sight of vomiting. Vomiting may or may not accompany the 
nausea. Some children with this ailment have great difficulty in vomiting and 
retch violently while others vomit readily. 

The frequency of attacks varies widely, some children developing symptoms 
whenever exposed while others suffer only occasionally. There is no definite 
relation to meals. The condition is usually hereditary, occurring in several mem- 
bers of the same family. 

Seasickness and airsickness are less common in children than in adults. In- 
fants are affected occasionally. The symptoms are generally more severe than 
those of car sickness. At first there is quietness, frequent yawning, apathy, 
depression, and a desire to be left alone. In addition there may be headache, 
anorexia, and excessive salivation. Vomiting then takes place, with or without 
preceding nausea. The vomiting may occur frequently or only once a day. It 
may or may not give temporary relief of symptoms. In some instances there is 
retching without vomiting and this is apparently more exhausting than true 
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vomiting. Pallor and cold sweat are early signs. A small proportion of the 
population (about 5 per cent) is severely affected when exposed to the sea and 
seems never to become acclimatized.* 

Hill’ attributes the symptoms of seasickness to a disturbance of the auto- 
nomie nervous system. Ile recognizes two forms,' a vagotonie form, most common 
in men, in which the principal symptom is headache with malaise and brady- 
cardia. Nausea is generally absent. Vomiting is unusual but, if present, it 
occurs at long intervals and gives temporary relief.2 In the sympathecotonie 
form, which is more common in women, nausea and vomiting are frequent and 
headache rare. The heart rate is rapid. 

It is probable that several mechanisms operate in the production of motion 
sickness. Some observers believe that the syndrome is primarily psychogenic. 
The psychic influences which exaggerate the tendency to motion sickness have 
been enumerated above. Neurotic and apprehensive individuals are especially 
susceptible. That certain persons develop symptoms shortly after boarding a 
ship prior to sailing is well known. Even dogs in whom motion sickness has 
been experimentally induced may vomit later on upon entering the room con- 
taining the apparatus. Seamen severely incapacitated by seasickness may be able 
to overcome some of their discomfort when distracted by the activities necessi- 
tated by naval engagements. Against the viewpoint that the psychologic factor 
is a primary one is the hereditary nature of the ailment and its occurrence among 
animals, notably dogs, cats, horses, monkeys, birds, poultry, and others. Even 
fish transported from the Galapagos Islands to the New York Aquarium were 
reported to have been seasick!® It is generally agreed that psychologic factors 
alone account for a certain number of cases and that, in general, the clinical 
picture is readily influenced im this way. 

A widely held view is that the difficulty lies in the vestibular apparatus. 
McEachern, Morton, and Lehman‘ emphasize that, though more of the available 
evidence favors this hypothesis than any other, other possible mechanisms should 
not be disregarded. They state: ‘‘Much of the evidence which tends to in- 
eriminate the vestibular apparatus has been obtained by direct stimulation of 
the labyrinths and not by reproduction of the bodily movements which or- 
dinarily cause motion sickness. Vestibular irritation may not be motion sickness 
despite the similarity of symptoms.”’ 

Poppen® suggested that the circulatory changes produced in the large ves- 
sels of the neck by the up and down movement of a ship may stimulate the 
carotid sinus with consequent changes throughout the autonomic nervous system. 
Relief of symptoms has been reported in a number of seasick individuals by the 
application of a collar specially designed to support the structures of the neck. 
Pflanz’ emphasized the importance of rhythmic changes in the blood flow to the 
brain. 

Many authors attribute the symptoms of motion sickness to the effects of 
gross movements on the abdominal viscera. Keevil* states that the vertical 
movement of a ship produces a drag on the mesentery, thereby constricting the 
third portion of the duodenum with resulting dilatation of the proximal duo- 
denum and vomiting. Against this view is the absence in motion sickness of 
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epigastric pain, a symptom usually associated with constriction of the duodenum. 
Others have suggested that the tug on the mesentery itself may be sufficient to 
produce symptoms and that the alternate engorgment and anemia of the liver 
is a factor. Maitland’ claims to have alleviated the symptoms by the use of a 
snug abdominal belt. 

Vision may be a factor, too. The liability to seasickness is diminished when 
the eyes are closed. Persons are more likely to develop seasickness while watch- 
ing foam-crested waves or currents in the ship’s wake.* In some individuals 
the liability to seasickness is diminished when the eyes are closed. The suscep- 
tibility of dogs to motion has been reduced by suturing the eyelids. However, 
the visual element seems to be only a contributing factor since blind persons 
are subject to seasickness and the attacks may occur in the dark. Apparently 
various types of stimuli may set off the syndrome and different conditions 
modify the picture in different individuals. 

Treatment.—Motion sickness usually persists throughout life but it tends 
to improve as the child grows older. If treated calmly, without excessive solici- 
tude or comment, it is usually mild. Training is useful and the disappearance 
of ear sickness as the child grows older is probably attributable in part to this 
factor, just as the seaman develops a relative immunity to seasickness. For 
training purposes, the child should be taken on rides of gradually lengthening 
duration. This not only permits gradual adjustment to movement but the child’s 
suecess, when he is taken on short rides, serves to relieve apprehension and to 
bolster self-confidence. Conn'® has found the play-interview a useful method 
of treatment. Allowing the child to play with dolls in toy streetcars and auto- 
mobiles helps him to express his feelings and thoughts in an impersonal way and 
makes him aware of the fact that he has contributed to his own discomfort. 
The drinking of liquids should be avoided before taking a trip. Salty foods 
may have a soothing effect. 

Of the many drugs which have been tested for the relief of motion sickness, 
those found to have the greatest value are either alkaloids of the belladonna 
group or general sedatives. Secopolamine (hyoscine) has proved to be one of the 
most effective drugs in preventing seasickness and airsickness. A disagreeable 
side effect is dryness of the mouth, but this can be avoided by using the aminox- 
ide hydrobromide of scopolamine. The dose for a 5-year-old child is 0.3 mg. 
The efficacy of scopolamine is presumed to rest upon its sedative and tranquil- 
izing central effect and its action as an antagonist of acetylcholine. The power 
of inhibiting excessive motility of the gastrointestinal tract appears to be of 
major importance. Bromides and phenobarbital are also valuable aids in treat- 
ment. 

Recently Dramamine (Searle), an antihistaminie drug, has been reecom- 
mended as a safe and effective agent for the prophylaxis and treatment of sea- 
sickness." With this drug seasickness occurred one-twentieth as often in a 
treated as in a control group, and complete relief from seasickness took place 
within one hour in the thirty-four men who had been used as controls. Favor- 
able results with this drug have also been obtained in the prevention of airsick- 


a 
; 


PSYCHOLOGIC ASPECTS OF PEDIATRICS ; 393 


ness,'* although the effect was not as spectacular as in the case of seasickness. 
The adult dose is 50 to 100 mg. every five hours. The commonest side effect 
is drowsiness. Rectal administration may be used in patients unable to retain 
the capsule when given orally. 
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Comments on Current Literature 


NEWCASTLE DISEASE 


EWCASTLE disease (avian pneumoencephalitis, avian pseudoplague) is 

primarily a virus disease of poultry, giving rise to both respiratory and 
nervous system effects in young birds, and chiefly to respiratory effects in 
older birds. The disease in fowls was first recognized by Kraneveld in the 
Dutch East Indies in 1926. During the following year the causative agent 
was isolated by Doyle' at Neweastle-on-Tyne, England. Since that time the 
disease has been reported in all parts of the world and is now well recognized 
as an important disease entity in poultry. The natural disease has been ob- 
served not only in barnyard fowl, but in pheasants, partridges, sparrows, 
crows, and parrots. 

In a recent article in the American Journal of Public Health (June, 1949), 
Ingalls and Mahoney® report the isolation of the virus of Neweastle disease 
from two human subjects, the first cases occurring in the United States which 
have been identified by recovery of the infectious agent. In a survey of the 
world literature, these authors were able to find only six reports of infection 
with Neweastle virus in man, and in only two of these reports was any mention 
made concerning actual recovery of virus. All of the patients reported had 
shown clinical manifestations of conjunctivitis and swelling of the eyelids, and 
in the two instances, Neweastle virus was isolated from the tears. 

The first patient of the two reported recently by Ingalls and Mahoney 
owned and tended a flock of chickens known to be infected with the Neweastle 
virus. Three days after illness was first noted in the flock, this man developed 
conjunctivitis of the left eye. Gross examination of the eye, three days after 
onset, revealed edema of the lids, marked hyperemia, and a definite muco- 
purulent discharge. Exudate recovered from the eye was treated with anti- 
biotics and inoculated into the allantoic cavity of embryonated hens’ eggs. 
By this means an infectious agent was isolated which produced typical signs 
of Neweastle disease in susceptible cockerels. 

The second ease reported by Ingalls and Mahoney was that of a junior 
veterinary student who had performed autopsies on three chickens shown sub- 
sequently to be infected with the virus of Newcastle disease. Two days after 
the young man had handled the birds, redness and swelling of his right eye 
were noted. Examination by a physician revealed the presence of con- 
junctivitis of ‘‘a granular type involving the palpebral conjunctiva.’’ Con- 
junctivitis in this patient persisted for one week and disappeared gradually 

leaving no ill effects. By means of allantoic inoculation, Neweastle virus was 

isolated from exudate of the eye. Again typical signs of the disease were 
produced in cockerels, and virus identification was confirmed by hemagglu- 
tination, hemagglutination inhibition, and serum neutralization. 


While the Neweastle virus eye infection in man seems to be a mild illness 
requiring only symptomatic treatment and consisting of a superficial con- 
junetivitis with no corneal involvement, in two of the cases among laboratory 
workers,* the conjunctivitis was accompanied by preauricular lymphadenitis, 
headache, malaise, and chills, but with no significant rise in temperature. 
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The work reported by Ingalls and Mahoney represents the first isolation 
in the United States of the virus of Neweastle disease from man. It is of 
considerable interest that with the improved laboratory techniques now 
available, accurate etiologic diagnosis of another disease entity is possible. 

The isolation from human subjects of the virus of Newcastle disease, 
primarily a disease of fowl, serves to re-emphasize the importance of the great 
reservoirs of infection existing in the animal kingdom. Many of these in- 
fectious agents are being shown capable of producing disease in man. 


J. BLATTNER. 
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News and Notes 


A new use has been found for the mobile decompression chamber, a device built to 
earry out high-altitude flying tests on airplane pilots. British doctors are now seeking to 
exploit the low pressure conditions thus obtained in an effort to cure children suffering from 
whooping cough. In a series of experiments conducted by Dr. H. Stanley of Park Hospital, 
Hither Green, London, 8.E., child patients undergo the sensation of flying at 12,000 feet when 
the atmospheric pressure in the chamber is gradually lowered. Final results of the new 
method will take about six months to compile but it is reported that in a Paris hospital the 
treatment has cut the time of cure from weeks to a few days in 25 per cent of cases. The 
illustration shows the decompression chamber installed. 


The Transactions of the Fifth International Pediatrics Congress held in New York 
in 1948 may be obtained from Almquist & Wiksells, Boktryckeri Aktiebolag, Huvud- 
kontoret, Uppsala, Sweden. Price 25 Swedish Crowns. 


The following officers have been elected for 1949-1950 by the Section on Pediatrics 
of the American Medica] Association: (Chairman, Dr. Margaret Nicholson, Washington, 
D. C.; Vice-Chairman, Dr. Adolph DeSanctis, New York; Secretary, Dr. Wyman C. C. Cole, 
Detroit. 

Dr. Lee E. Farr, Director of Research at the duPont Institute of the Nemours Foun- 
dation, has been appointed Chairman of the Medical Department at the Brookhaven Na- 
tional Laboratory, Upton, L. I. 
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BOOK REVIEWS 


Pediatric Calendar 1949-1950 
American Board of Pediatries: 


Oral Examinations: 
Cleveland Sept. 16-18, 1949. 
New York Oct. 21-23, 1949. 
Chicago Dee. 9-11, 1949. 
American Academy of Pediatrics: 
Annual Meeting, San Francisco, Nov. 14-17, 1949. 
American Pediatric Society: 
Annual Meeting, French Lick, Ind., April 1950. 
Society of Pediatric Research: 
Annual Meeting, French Lick, Ind., April 1950. 
Sixth International Congress of Pediatrics: 
Zurich, Switzerland, Jaly 24-28, 1950. 


Book Reviews 


Juvenile Rheumatism. G. E. M. Scott, Melbourne, 1948, W. Ramsay (Surgical) Pty., Ltd., 
163 pages. Price, 25 Shillings. 


This short monograph is primarily a review of some of the literature upon rheumatic 
fever. In addition, the author reports his experiences and observations in treating rheu- 
matie fever at the Children’s Hospital in Melbourne, Australia. The comprehensive bibli- 
ography which the author has compiled is the chief value of this work. GOLDRING. 


Your Child’s Mind and Body: A Practical Guide for Parents. Flanders Dunbar, M.D., 
New York, 1949, Random House, 288 pages. Price $2.95. 


In this book, Dr. Dunbar sets out to answer the ‘‘little’’ questions that arise in the 
minds of parents who are struggling with the ‘‘crises’’ in personality development during 
the first six years. These crises are described in terms of disturbances in the areas of 
sleeping, eating, playing, obedience, and independence. However, the chapters are written 
in the manner of lectures to medical students, and the bibliography would require the 
background of the graduate student. The approach is an encyclopedic one, highly intel- 
lectualized and somewhat impersonalized. There are lots of rules, illustrated by anecdotes 
which oversimplify the solution of problems. References to experimental work and psycho- 
analytical theory add to the impression of superficiality and even glibness. 

From the point of view of the reviewer, this book falls into the category of other 
books about children which the author herself describes as follows: ‘‘If you try to cor- 
rect them (ideas of discipline) by reading books you will probably correct them in a dis- 
ordered way and feel dissatisfied with yourself and your child because neither you nor 
he ever understood the real meaning behind the correction or the principle. ’’ WARSON. 


New Ways in Discipline. Dorothy Walter Baruch, New York, 1949, Whittlesey House, 
McGraw-Hill Book Company, Inc., 268 pages. Price $3.00. 


Psychiatrists usually shy away from the term ‘‘discipline’’ because of the usual punitive 
implications which are so contrary to the psychiatric approach of acceptance and under- 
standing. However, there is no denying the social usage and meaning of ‘‘discipline’’ as an 
important concept in rearing and educating children. Dr. Baruch, from her extensive ex- 
perience in educational and clinical psychology, is able to effect a compromise between psy- 
ehiatrie and social attitudes which should decrease the confusion of parents and teachers 
about this difficult topic. 


398 THE JOURNAL OF PEDIATRICS 


Beginning with the usual dilemma ‘‘to spank or not to spank,’’ the author takes the 
reader behind the scenes and exposes the feelings that motivate the overt behavior which 
calls for discipline. She then describes simple techniques for eliciting and releasing these 
feelings. The usual crises encountered in emotional development and their management 
are gone into in detail as well as the methods of establishing good relationships with children 
and promoting healthy personality development. 

This book is written at the level of the average parent, and obviously for parents. With 
a great deal of warmth and understanding the author breathes life and feeling into the con- 
cept of discipline and describes the meaning of this concept in terms of our modern child 
guidance approach, which is based on an understanding of the child’s emotional needs. Eye- 
eatching headings do not detract from its fluid but well-organized style. In addition to the 
numerous examples and illustrations, there are twenty line drawings by Lois Fisher which 
beautifully point up the material. 

This book illustrates the fact that very complex subjects can be made to appear quite 
simple by well-qualified authorities. However, the subject is still complex and parents should 
be cautioned against demanding too much of themselves and to obtain further help if the 


methods advocated do not work. WARSON. 


The New York Academy of Medicine. Its First Hundred Years. Philip Van Ingen, M.D., 
New York, 1949, Columbia University Press, 573 pages. Price $10.00. 


There are only a few local medical organizations in the United States which are 
national in their influence. The most outstanding example is the New York Academy of 
Medicine which celebrated its Centennial in 1947. While it has a beautiful home, a 
library of over a quarter of a million volumes which is second in size to that of the 
Surgeon-General, and an endowment of over four and a half million dollars obtained 
gradually over the years, the real importance of the Academy lies in the profound influence 
it has had on the development of public health, medical education, and medical practice in 
its own community, and one which has extended to American medicine as a whole. The 
story of its origin and the growth and expanding development during its ‘‘ first hundred’’ 
years has been told in this volume by Dr. Philip Van Ingen, a well-known pediatrician 
and former president of the American Pediatric Society and the Academy of Pediatrics. 
Since his retirement from active practice a few years ago, he has devoted himself to 
medical history and this splendid volume crowns a distinguished career. 

Dr. Van Ingén has chosen to develop the history chronologically by periods marked 
by the terms of a long line of distinguished physicians who have held the presidency. 
The early days were not always smooth sledding either financially or scientifically, and 
the rather acrimonious discussions over medical relationships, ethics, and economics in 
the early years bring the realization that, relatively speaking, times were as troubled 
fifty and a hundred years ago as they are today. To the reader it becomes clear that 
Dr. Abraham Jacobi, the father of American pediatrics, was undoubtedly the most im- 
portant single figure in the development of the Academy. He was a fellow for sixty years, 
president from 1885 to 1888, and served as a trustee for twenty-eight years. 

The volume is not only of value and of importance as a history of the Academy. As 
one reads it through, a vivid, clear-cut picture of the development of American medicine 
as a whole, and the various matters which absorbed the interests and thoughts of medical 
men from time to time during the last 100 years, is obtained, and thus it becomes a most 
readable history of the last 100 years of American Medicine. It is well written with many a 
touch of sly humor. To have worked through the many volumes of records which accumulated 
over the century, and to select the important ones which really tell the story of the Academy, 
and on top of this to condense the story into a single interesting, readable volume, was a 
tremendous task. It is beyond question a most valuable addition to the history of medicine 
in America, and will be of great interest, not only to those living in New York, who are 
fortunate enough to be honored by membership in the Academy, but to all who have an 
interest in the history and development of medicine. 
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Editor’s Column 


CERVICAL ARTERIOVENOUS ANASTOMOSIS 


ENTAL retardation, cerebral spasticity, and convulsive disorders in chil- 

dren present problems distressing both to the parents of the individual 
child and to the pediatrician who must rationalize the situation to the parents 
and encourage them to adjust to their misfortune. Therapy in these conditions 
has been directed toward training the child in the use of his physiologic nervous 
residue in the ease of retarded or spastic children, and in the use of crags to 
suppress and control seizures in children with convulsive disorders. 

Elsewhere in this issue appears the description of an operative procedure 
designed to increase the arterial blood supply to the cerebral cortex through 
establishment of a cervical arteriovenous fistula, thereby possibly increasing 
the nutriment and oxygen available to cortical cells with the hope that function 
of existing cells perhaps rendered abnormal through injury or inflammatory 
reaction might be improved. 

Extensive studies were made of each child before the procedure was recom- 
mended, and careful follow-up observations are being made. While the pro- 
cedure has been employed only since November, 1948, some indications as to 
its results begin to appear. As of July 1, 1949, eight children with severe con- 
vulsive disorders had been subjected to the operation and had been followed 
long enough to permit some appraisal of possible benefits. Four of the eight 
children had cessation of episodes following the operation, in two children the 
number and severity of convulsions were reduced, while in two the procedure 
seemed ineffective. The observed cessation of convulsive episodes for variable 
periods following any one of a number of procedures, such as general anesthesia 
or air injection into the cerebral ventricles, dampens undue enthusiasm for the 
apparently good results in the cases undergoing the new operative procedure. 

Nine children with cerebral spasticity had been similarly observed. In 
seven, definite improvement occurred, while in two no benefit seemed to have 
been derived from the procedure. 

Eighteen children with severe degrees of mental retardation due to birth 
injuries or to encephalitic processes had been subjected to the operation. In 
eleven, distinct improvement was demonstrable, apparently out of proportion 
to the preoperative rate of development. In seven children, no benefit was 
apparent. The difficulty of interpreting, objectively, improvement in mental 
retardation without the lapse of much longer periods of time is recognized. 

The procedure, which on first inspection seems to hold promise, must be 
recognized as a new type of approach to the problem, but requiring extensive 
trial and particularly a prolonged follow-up period in order that degrees of 
benefit to be derived may be determined and the types of patients for whom 
benefit may be expected may be ascertained, also whether early improvement 
in individual patients will continue so that hopes of parents will not be raised, 
later to be again destroyed. A procedure offering any likelihood of improving 
the lot of these children merits thorough but dispassionate appraisal. 

C. F. McK. 


399 


ae 


D 
| 
= 


400 THE JOURNAL OF PEDIATRICS 


THE OBJECTIVE OF UNDERGRADUATE MEDICAL EDUCATION 


R. C. SIDNEY BURWELL, who gave the ‘‘ Annual Oration of the Massachu- 

setts Medical Society’’* at its recent meeting in May, selected as his subject 
““Some Responsibilities of Medical Edueation.’’ It is a most thoughtful and 
reflective address based on concepts reached during his fourteen-year period as 
Dean of the Harvard Medical School from which Dr. Burwell retires this year. 
While he summarizes six major categories of responsibility, of which one or 
more might be emphasized by different schools, the one of most general interest 
is his discussion of the instruction leading to the M.D. degree, in which he 
gives his reflections on the objectives of the undergraduate medical school course. 
The thing that characterizes present-day medicine, he feels, is the rapid change 
in knowledge and in practice. Harvard, which dates back 167 years, like all 
other medical schools was founded to prepare men directly for the practice of 
medicine, and this has been their primary objective over many years. Dean 
Burwell has come to the conclusion that with the multiplicity of different types 
and fields of practice, and of other careers open to men with the M.D. degree, 
the medical school can no longer in its undergraduate course leading to the de- 
gree prepare men for entering directly into practice. Rather it must furnish 
an education during the undergraduate years which will serve as a foundation 
for future individual development, whether it be some form of specialized prac- 
tice, research, public health, or administrative duties in the field of medicine. 
In other words, it must be a basic course with emphasis on ‘‘an understanding 
of the mechanism and the natural history of man and his diseases.’’ This, he 
feels, is the ‘‘indispensable objective and duty of medical schools in training 
physicians for participation in the medicine of the future.’’ 

Dean Burwell’s remarks bring to a foeus a change which has gradually 
been taking place in many of our medical schools without most teachers fully 
realizing the change in objective of the instruction which he states so simply and 
directly. It will take time for most physicians (and even more for the public) 
to grasp the idea that the objective of instruction in a medical school is no longer 
one of turning out ‘‘practitioners,’’ which has been the objective of medical 
schools over many generations, provided, of course, that Dr. Burwell’s concept 
of the objective is correct and it becomes the accepted objective. The rapid de- 
velopment of the ‘‘American Boards’’ in the various fields of practice in the 
last twenty years is, in a sense, an expression of the change in function of the 
medical school and of the concept of the objective of undergraduate instruction 
which Dean Burwell puts forward. Incidentally, in another section of the 


‘address, Dr. Burwell expresses the fear that the rapid development of the 


‘*Boards’’ and the expansion of their requirements threatens the soundness of 
advanced training through stereotyped overorganization. This same thought 
has been expressed by other educators looking on the picture as a whole, and 


it is a pitfall which the various boards must consider and avoid. 
B.S. V. 


*New England Journal of Medicine 240: 905, (June 9) 1949. 


